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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction 

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that will result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposal presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for computer 

room efficiency. The report contains pertinent information supporting the code change. 

The Statewide CASE Team is also recommending removing the healthcare exemption 

from computer room prescriptive requirements based on input from California's Office of 

Statewide Health Planning and Development (OSHPD) and various healthcare 

stakeholders. 

  

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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Measure Description 

Background Information 

Prescriptive requirements for computer rooms1 were added to Title 24, Part 6 for the 

2013 code cycle. This code change proposal includes updates to existing prescriptive 

requirements, as well as adding new prescriptive and mandatory requirements. The 

goal of the proposed changes is to better align computer room efficiency requirements 

in California with industry design best practices and other industry standards and 

guidelines where applicable.  

This code change proposal includes the following four submeasures. Background 

information is summarized for each submeasure below. 

1. Increased Temperature Threshold for Economizers 

This submeasure proposes changes to the temperature thresholds for economizers 

for computer rooms in new buildings. The proposed changes only apply to new 

buildings and include simplifying the Title 24, Part 6, 140.9(a) prescriptive 

economizing requirements to a single outdoor air temperature condition for all 

economizer types, increasing the minimum outdoor temperatures for 100 percent 

economizing to 65ÁF dry-bulb or 50ÁF wet-bulb for all economizer types, and 

decreasing the computer room equipment load threshold for when air containment is 

required to 10 kW per room.2 To provide more design flexibility options, an exception 

has been included to allow projects to meet the economizer temperature 

requirements as long as they also implement higher efficiency fan systems, air 

containment, and cooling equipment.  

Requirements for existing computer rooms would remain largely unchanged, except 

for minor modifications to Exception 4, and would move to Title 24, Part 6, 141.1(b). 

The addition of code language in 141.1(b) would not introduce new requirements for 

computer rooms but would serve to add clarity to which requirements apply to 

computer rooms in new buildings and which requirements apply to computer rooms 

in additions and alterations. 

Title 24, Part 6, Section 140.9(a) currently requires computer room cooling systems 

to provide full air economizing at 55ÁF dry-bulb and 50ÁF wet-bulb and below or full 

 

1 According to Title 24, Part 6, a Computer Room is a room whose primary function is to house electronic 

equipment and that has a design equipment power density exceeding 20 watts/ft2 (215 watts/m2) of 

conditioned floor area.  

2 A typical computer room server rack is designed for 5-10 kW equipment load per rack, with smaller 

computer rooms typically designed for closer to 5 kW per rack. Therefore, 10 kW represents two racks 

designed for 5 kW each. 
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water economizing at 40ÁF dry-bulb and 35ÁF wet-bulb and below. These 

temperature thresholds are relatively low, indicative of fairly cold supply air 

temperatures (around 55ÁF). Title 24, Part 6, Section 140.9(a) also requires air 

containment for large computer rooms. However, air containment has become more 

common practice for computer rooms of all sizes since the 2013 code cycle, and 

computer rooms are commonly being designed at higher air temperatures as a result 

of containment and in accordance with American Society of Heating, Refrigerating, 

and Air-Conditioning (ASHRAE) Guidelines for Data Processing Environments 

(ASHRAE 2015). Increasing the outdoor temperature threshold for all economizers 

and requiring containment for smaller computer rooms to accommodate a supply air 

temperature of 70ÁF or higher would provide significant energy savings and align 

with ASHRAE guidelines and industry best practices.  

2. Computer Room Heat Recovery 

Computer rooms produce constant heat (24 hours a day, seven days a week). When 

a computer room is located in a facility that also has a heating load, recovered heat 

from the computer room can provide heating for the other facility heating loads while 

also reducing the cooling load on the computer room cooling system. While not yet 

industry standard practice, computer room heat recovery provides significant heating 

savings opportunities for buildings where computer rooms are collocated with 

spaces with significant heating loads. The Statewide CASE Team is defining 

computer room heat recovery as a mechanical system that transfers heat from 

computer room return air to provide desired heating to other zones in the building. 

Examples of heat recovery systems include: computer room return air transferred 

directly to air systems providing heating, heat recovery chillers, air-source or water-

source heat pumps providing simultaneous heating and cooling, and variable 

refrigerant flow systems with heat recovery. 

This submeasure proposes adding prescriptive requirements for computer rooms in 

new buildings to include heat recovery if the building has a total computer room 

cooling ITE design load and a design heating load exceeding certain thresholds 

based on climate zone and a minimum annual number hours with a heating load. 

3. Uninterruptible Power Supply (UPS) Efficiency 

This submeasure proposes adding minimum UPS prescriptive efficiency 

requirements and testing requirements, based on ENERGY STARÈ Version 2.0 for 

AC-output UPS units used in computer rooms. The minimum average UPS 

efficiency takes into account UPS efficiency at 100%, 75%, 50%, and 25% load 

factors. 

Nearly every computer room uses a UPS to provide constant backup power and/or 

power quality management to information technology (IT) equipment. As 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-HVAC1-F | 15 

unregulated equipment, UPSs vary in efficiency, depending on UPS model, 

operating mode, and load factor. ENERGY STAR provides elective efficiency and 

test standards for UPSs and serves as a model for California to achieve significant 

statewide energy savings due to the large volume of UPSs installed. 

4. Power Usage Effectiveness (PUE) Monitoring 

PUE is a common metric to evaluate energy efficiency for data centers. Measuring 

PUE provides data center operators feedback on how efficiently their computer room 

is performing and indicates its energy savings potential. Measuring PUE over time 

can also indicate degradations to data center efficiency compared to original 

operation. The goal of making PUE monitoring mandatory is to give data center 

operators information they can act on to maintain high energy performance in the 

data center after construction. This submeasure proposes adding mandatory PUE 

monitoring requirements for large computer rooms. 

Proposed Code Changes 

This proposed code change applies to new construction computer rooms, which include 

a design information technology (IT) equipment power density greater than 20 W/ft2 as 

defined in Title 24, Part 6.  

1. Increased Temperature Threshold for Economizers:  

This proposed change would update requirements in Section 140.9(a) with the 

following changes: 

¶ For computer rooms in new buildings, increase minimum outdoor temperatures 

for full economizing to 65ÁF dry-bulb or 50ÁF wet-bulb for any type of economizer; 

currently the thresholds are 55ÁF dry-bulb and 50ÁF wet-bulb for air economizers 

and 40ÁF dry-bulb and 35ÁF wet-bulb for water economizers. An exception is 

included to allow new buildings to meet existing economizer temperature 

requirements as long as they also implement higher efficiency fan systems, air 

containment, and cooling equipment. The current economizer temperature 

requirements would remain unchanged for computer rooms in existing buildings. 

¶ Decrease the computer room minimum size threshold for requiring air 

containment from 175 kW per room to 10 kW per room ITE design load. 

This proposed change would add a new subsection as Section 141.1(b) for 

economizing requirements in existing computer rooms. This would not introduce new 

requirements for computer rooms but would serve to add clarity to which 

requirements apply to computer rooms in new buildings and which requirements 

apply to computer rooms in additions/alterations. The 141.1(b) requirements would 

match 2019 Title 24, Part 6, Section 140.9(a) computer room outdoor air economizer 

temperature thresholds (55ÁF dry-bulb/50ÁF wet-bulb for air economizers and 40ÁF 
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dry-bulb/35ÁF wet-bulb for water economizers) and with the same exceptions as 

2019 Title 24, Part 6, Section 140.9(a) for certain computer rooms in existing 

buildings. 

2. Computer Room Heat Recovery. This proposed change would add a prescriptive 

requirement in Section 140.9(a) to require heat recovery for computer rooms in new 

buildings meeting with a total ITE design load and heating design load exceeding the 

combination of values listed below and with an annual heating load of at least 1,400 

hours per year. 

o For Climate Zones 1, 2, 3, 4, 5, 11, 12, 13, 14, and 16: total ITE design load 

exceeding 200 kW and design heating load greater than 4,000,000 Btu/hr; or 

total ITE design load exceeding 500 kW and design heating load greater than 

2,500,000 Btu/hr. 

o For Climate Zones 6, 7, 8, 9, 10, or 15: total ITE design load exceeding 300 

kW and design heating load greater than 5,000,000 Btu/hr. 

3. UPS Efficiency. This proposed change would add a prescriptive requirement in 

Section 140.9(a) for UPSs serving computer rooms to have a minimum efficiency 

matching ENERGY STAR Version 2.0 efficiency and testing requirements. 

4. Power Usage Effectiveness (PUE) Monitoring. This proposed change would add 

a prescriptive requirement in Section 140.9(a) for computer rooms exceeding 2,000 

kW ITE design load to have power usage effectiveness (PUE) monitoring. 

Scope of Code Change Proposal 

 summarizes the scope of the proposed changes and which sections of standards, 

Reference Appendices, Alternative Calculation Method (ACM) Reference Manual, and 

compliance documents that would be modified as a result of the proposed change(s).
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Table 1 summarizes the scope of the proposed changes and which sections of 

standards, Reference Appendices, Alternative Calculation Method (ACM) Reference 

Manual, and compliance documents that would be modified as a result of the proposed 

change(s).
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Table 1: Scope of Code Change Proposal 

Measure 
Name 

Type of 
Requirement 

Modified 
Section(s) 
of Title 24, 
Part 6 

Modified 
Title 24, 
Part 6 
Appendices 

Would Compliance Software 
Be Modified 

Modified Compliance 
Document(s) 

Increased 
Temperature 
Threshold for 
Economizers 

Prescriptive 140.9(a), 

141.1(b) 
(new) 

No Yes; ACM 5.7.2.3 Supply Air 
Temperature Control, Cooling 
Supply Air Temperature table  

NRCC-PRC-E 

(Table M, column 2: 
Economizer Compliance 
Method) 

Computer 
Room Heat 
Recovery 

Prescriptive 140.9(a) No Yes; ACM 5.7.6.6 Computer 
Room Heat Recovery Coil 
Option 1 (new), 5.7.6.7 
Computer Room Heat 
Recovery Coil Option 2 (new) 

NRCC-PRC-E 

(Update to Table C 
applicable Computer Room 
standards sections; addition 
to Table M) 

UPS 
Efficiency 

Prescriptive 140.9(a) No Yes; ACM 5.4.6 Receptacle 
Loads, Receptacle Power table 
Standard Design, Appendix 
5.4A for Computer Room-UPS 

NRCC-PRC-E 

(Update to Table C 
applicable Computer Room 
standards sections; addition 
to Table M) 

PUE 
Monitoring 

Mandatory 120.6(i) NA7.19.1 
(new) 

No NRCC-PRC-E (Update to 
Table C applicable Computer 
Room standards sections; 
addition to Table M); 

NRCA-PRC-17-F (new) 
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Market Analysis and Regulatory Assessment 

This proposal updates existing Title 24, Part 6 prescriptive requirements for computer 

room economizers and air containment to improve alignment with ASHRAE thermal 

guidelines for computer rooms, align with design best practices, and save energy. This 

proposal adds new requirements to Title 24, Part 6 for UPS efficiency to match 

ENERGY STAR Program Requirements for UPSs - Eligibility Criteria Version 2.0 (E. P. 

Agency 2019), for efficiency and testing requirements, and for computer room heat 

recovery and PUE Monitoring to align with design best practices and save energy.  

This proposal requires the use of building mechanical and electrical system 

technologies that are widely available on the market and offered by a number of 

manufacturers. Implementing these requirements requires care by the mechanical and 

electrical engineering design teams to select and lay out equipment that meets the 

proposed efficiency requirements using approaches that are already common in design. 

Cost Effectiveness  

A summary of energy savings and peak demand reductions per unit are presented in 

Table 2 for new construction.  

Table 2: Summary of Per-Unit Energy Savings Results by Submeasure 

Submeasure 

Annual Electricity 
Energy Savings 
(kWh/yr per IT 

Equipment Load 
kW) 

Annual Natural 
Gas Energy 

Savings (therm/yr 
per IT Equipment 

Load kW) 

Peak Demand 
Reduction  

(kW per IT 
Equipment 
Load kW) 

Increased Temperature 
Threshold for 
Economizers 

161-955 0 0.0 

Computer Room Heat 
Recovery 

(224)-(124) 28-51 0.0 

UPS Efficiency 53-69 0 0.0 

PUE Monitoring 8-12 0 0.0 

The proposed code change was found to be cost effective for all climate zones where it 

is proposed to be required. The benefit-to-cost (B/C) ratio compares the benefits or cost 

savings to the costs over the 15-year period of analysis. Proposed code changes that 

have a B/C ratio of 1.0 or greater are cost-effective. The larger the B/C ratio, the faster 

the measure pays for itself from energy cost savings. 
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Table 3: Benefit-to-Cost Ratio Results Summary 

Measure Name B/C Ratio Range Notes 

Increased Temperature 
Threshold for Economizers 

1.5 - infinite B/C ratio depends on cooling 
system type and climate zone. 

Computer Room Heat 
Recovery 

1.0 - 1.5 B/C ratio depends on cooling 
system type and climate zone. 

UPS Efficiency 1.2 - 1.8 B/C ratio depends on cooling 
system type and climate zone. 

PUE Monitoring 1.0 - 1.6 B/C ratio depends on cooling 
system type and climate zone. 

See Sections 2.4, 3.4, 4.4, and 5.4 for the methodology, assumptions, and results of the 

cost-effectiveness analysis.  

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

Table 4 presents the estimated energy and demand impacts of the proposed code 

change that would be realized statewide during the first 12 months that the 2022 Title 

24, Part 6 requirements are in effect. First-year statewide energy impacts are 

represented by the following metrics: electricity savings in gigawatt-hours per year 

(GWh/yr), peak electrical demand reduction in megawatts (MW), natural gas savings in 

million therms per year (MMTherms/yr), and time dependent valuation (TDV) energy 

savings in kilo British thermal units per year (TDV kBtu/yr). One kBtu equals 1 thousand 

British thermal units (Btu). See Sections 2.5, 3.5, 4.5, and 5.5 for more details on the 

first-year statewide impacts calculated by the Statewide CASE Team. Refer to Appendix 

A for more detail on the statewide energy savings assumptions. 
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Table 4: First-Year Statewide Energy Impacts  

Measure Electricity 
Savings 

(GWh/yr) 

Peak 
Electrical 
Demand 
Reduction 

(MW) 

Natural 
Gas 

Savings 

(MMTherm
s/yr) 

TDV 
Energy 
Savings 

(million 
TDV 

kBtu/yr) 

Increased Temperature 
Threshold for Economizers 
(Total) 

215 27 0 5,773 

New Construction 215 27 0 5,773 

Additions and Alterations 0 0 0 0 

Computer Room Heat 
Recovery (Total) 

(28) 0 6 827 

New Construction (28) 0 6 827 

Additions and Alterations 0 0 0 0 

UPS Efficiency (Total) 137 4.6 0 3,765 

New Construction 23 0.8 0 639 

Additions and Alterations 114 3.8 0 3,126 

PUE Monitoring (Total) 7.9 2.7 0 226 

New Construction 1.9 0.6 0 53 

Additions and Alterations 6.1 2.1 0 172 

Table 5 presents the estimated avoided GHG emissions associated with the proposed 

code change for the first year that the standards are in effect. Avoided GHG emissions 

are measured in metric tons of carbon dioxide equivalent (metric tons CO2e). 

Assumptions used in developing the GHG savings are provided in Sections 2.5.2, 3.5.2, 

4.5.2, 5.5.2 and Appendix C of this report. The monetary value of avoided GHG 

emissions is included in TDV cost factors and is thus included in the cost-

effectiveness analysis.  
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Table 5: First-Year Statewide GHG Emissions Impacts 

Measure Avoided GHG 
Emissions 

(Metric Tons 
CO2e/yr) 

Monetary Value of 
Avoided GHG 
Emissions 

($2023) 

Increased Temperature Threshold for 
Economizers 

51,623 $5,482,387 

Computer Room Heat Recovery 28,373 $3,013,245 

UPS Efficiency 32,871 $3,490,890 

PUE Monitoring 1,906 $202,412 

Total 114,773 $12,188,933 

Water and Water Quality Impacts 

Water savings that the proposed code changes would have during the first year that 

they are in effect are presented in Table 6 along with the associated embedded 

electricity savings. See Sections 2.5.3, 3.5.3, 4.5.3, and 5.5.3 of this report for water 

quality impacts and the methodology used to derive water savings and water quality 

impacts. The methodology used to calculate embedded electricity in water is presented 

in Appendix B.  

Table 6: First-Year Water and Embedded Electricity Impacts, per kW of ITE Design 
Load 

Submeasure On-Site Indoor 
Water Savings 

(gallons/yr) 

On-Site 
Outdoor Water 

Savings 

(gallons/yr)a 

Embedded 
Electricity Savings 

(kWh/yr) 

Increased Temperature 
Threshold for 
Economizers 

0 (310) (1.1) 

Computer Room Heat 
Recovery  

0 0 0 

UPS Efficiency 0 0 0 

PUE Monitoring 0 0 0 

a. For the increased temperature threshold for economizers submeasure, the HVAC system type determines 

the impact on water use. Comparing the proposed code changesô impact on a water-cooled chiller plant 

using air economizing, water savings ranges from 100 ï 900 gallons per kW of ITE design load depending 

on climate zone. Comparing the proposed code changesô impact on an air-cooled cooling plant using an 

evaporative cooling tower water economizer compared to a baseline dry cooler, water use increases by 

1,000 ï 2,500 gallons per kW of ITE design load depending on climate zone. The results presented in the 

table represent an estimated average for all economizer system types. 
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Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. The compliance process is described in Sections 2.1.3, 

3.1.3, 4.1.3, and 5.1.3. Impacts that the proposed measure would have on market 

actors is described in Appendix E. The key issues related to compliance and 

enforcement are summarized below:  

¶ The increased temperature threshold for the increased economizer 

temperatures submeasure modifies temperature requirements for economizers 

and computer room design supply air temperatures in new buildings, which 

does not change the current compliance process. This submeasure also 

reduces the computer ITE design capacity threshold for when air containment is 

required, which applies to new construction. As this is a proposed modification 

to an existing requirement, mechanical contractors already have to determine if 

the computer room size triggers the air containment requirement and if the 

mechanical design meets the economizer temperature requirements, and this 

effort is unchanged (though the trigger value itself has changed). The two 

changes in the compliance process for this submeasure are mechanical 

designers must include air containment on permit drawings and specifications 

for smaller computer rooms and mechanical designers must determine which 

economizer temperature requirements apply to their project.  

¶ The computer room heat recovery submeasure requires mechanical designers 

to determine if the project meets the triggers for requiring that heat recovery be 

installed and, if required, to include the heat recovery system in the permit 

design drawings and specifications. Mechanical designers must show the 

computer room heat recovery system coefficient of performance (COP) meets 

the code requirement in the mechanical schedules by showing: total input 

power of computer room heat recovery system and amount of heat transferred 

under design conditions. The mechanical contractor and controls contractor 

must install the system to meet the design specifications. 

¶ The UPS efficiency submeasure requires electrical engineers to specify a UPS 

that meets Title 24, Part 6 minimum efficiency requirements and include 

required information on permit compliance documents. Including UPS 

information on electrical equipment schedule is standard practice. Specifying 

minimum efficiency requirements is not uniformly standard practice, but 

efficiency information is readily available from manufacturers. Some additional 
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effort is required for electrical contractors to select and install a UPS that meets 

the design specification. 

¶ The PUE monitoring submeasure requires the electrical contractor to include 

the electrical submetering system and dashboard in the permit drawings and 

specification. If PUE monitoring is otherwise planned for the project, the 

additional effort for code compliance is limited to the electrical design engineer 

and electrical contractor filling out compliance documents. The electrical 

contractor must also complete compliance verification form NRCA-PRC-17-F. 

Field Verification and Acceptance Testing 

A new acceptance test (NRCA-PRC-17-F) would be required to verify the PUE 

Monitoring system. PUE Monitoring requires contractor field verification that the 

electrical meters are installed in the correct locations, are configured correctly, and are 

communicating with the dashboard; the acceptance test also includes verification that 

the dashboard is configured properly. Refer to Sections 2.1.3, 3.1.3, 4.1.3, and 5.1.3  for 

additional information.  

The Statewide CASE Team is also recommending clarifying code language be added to 

Sections 120.6, and 120.8 that makes it clearer that computer room mechanical 

systems are subject to acceptance tests required for mechanical systems in other 

nonresidential space types. This is not being proposed as a new requirement but as a 

clarification to existing requirements, as described in the 2013 Data Center code 

change proposal (Engineering 2011). 
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1. Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

1.1 Introduction to Statewide CASE Team 

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that will result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposal presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present a code change proposal for computer 

room efficiency. The report contains pertinent information supporting the code change. 

When developing the code change proposal and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including manufacturers, builders, design engineers, and data center 

developers and operators, Title 24 energy analysts, equipment vendors, and others 

involved in the code compliance process. The proposal incorporates feedback received 

during a public stakeholder workshops that the Statewide CASE Team held on October 

15, 2019 (Team, Nonresidential HVAC Part 1: Data Centers, Boilers, Controls Utility-

Sponsored Stakeholder Meeting Notes 2019), and March 12, 2020 (Team, 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency


 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-HVAC1-F | 8 

Nonresidential and Single Family HVAC Part 1: Data Centers, Boilers, Air Distribution, 

Variable Capacity 2020).  

1.2 Document Structure 

This Final CASE Report presents four unique code change proposal for computer room 

efficiency. The specific recommendations for each submeasure are presented in 

Section 2 through 5 of this report. The overall document structure and content is 

structured as follows: 

¶ Section 1 - Introduction provides context that is relevant to all four submeasures 

including measure history and regulator context. The regulatory context details 

whether the proposed measure overlaps or conflicts with other portions of the 

building standards, such as fire, seismic, and other safety standards, and 

whether technical, compliance, or enforceability challenges exist. 

¶ Section 2 ï Increased Temperature Threshold submeasure detailed code change 

recommendations and justifications.  

¶ Section 3 ï Computer Room Heat Recovery submeasure detailed code change 

recommendations and justifications. 

¶ Section 4 ï Uninterruptible Power Supply (UPS) Efficiency submeasure detailed 

code change recommendations and justifications. 

¶ Section 5 ï Power Usage Effectiveness (PUE) Monitoring submeasure detailed 

code change recommendations and justifications. 

¶ Section 6 ï Proposed Revisions to Code Language concludes the report with 

specific recommendations with strikeout (deletions) and underlined (additions) 

language for the standards, Reference Appendices, Alternative Calculation 

Method (ACM) Reference Manual, compliance manual, and compliance 

documents.  

¶ Section 7 ï Bibliography presents the resources that the Statewide CASE Team 

used when developing this report. 

¶ Appendix A: Statewide Savings Methodology presents the methodology and 

assumptions used to calculate statewide energy impacts. 

¶ Appendix B: Embedded Electricity in Water Methodology presents the 

methodology and assumptions used to calculate the electricity embedded in 

water use (e.g., electricity used to draw, move, or treat water) and the energy 

savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the methodologies 

and assumptions used to calculate impacts on GHG emissions and water use 

and quality. 

¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 
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Specification presents relevant proposed changes to the compliance software (if 

any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 

recommended compliance process could impact identified market actors. 

¶ Appendix F : Summary of Stakeholder Engagement documents the efforts made 

to engage and collaborate with market actors and experts. 

¶ Appendix G: New Buildings Increased Economizer Temperature Threshold 

Exception describes the energy analysis used to develop the proposed exception 

to 140.9(a)1. 

¶ Appendix H: Heat Recovery Chiller Cost Estimate Details provides details on the 

estimated incremental implementation costs for meeting the proposed 

prescriptive computer room heat recovery requirement using a heat recovery 

chiller. 

¶ Appendix I: Air-Cooled Chiller with Evaporative Cooling Tower Water Economizer 

System Cost Estimate Details provides details on the estimated incremental 

implementation costs for using an evaporative cooling tower and heat exchanger 

with an air-cooled chiller for meeting the proposed increased economizer 

temperature thresholds. 

¶ Appendix J: Air Containment Cost-Effectiveness Analysis shows the cost-

effectiveness analysis results for lowering the computer room size threshold for 

air containment without changes to economizer temperatures. 

¶ Appendix K: Nominal TDV Results Tables contains nominal TDV energy cost 

savings for each submeasure. 

The following is a brief summary of the contents of subsections within Sections 2 

through 5 of the report:  

¶  Measure Description provides a description of the measure and its background. 

This section also presents a detailed description of how this code change is 

accomplished in the various sections and documents that make up the Title 24, 

Part 6 Standards. 

¶ In addition to the Market Analysis, this section includes a review of the current 

market structure. This section describes the feasibility issues associated with the 

code change.  

¶ Energy Savings presents the per-unit energy, demand reduction, and energy 

cost savings associated with the proposed code change. This section also 

describes the methodology that the Statewide CASE Team used to estimate per-

unit energy, demand reduction, and energy cost savings. 

¶ Cost and Cost Effectiveness presents the materials and labor required to 

implement the measure and a quantification of the incremental cost. It also 
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includes estimates of incremental maintenance costs, i.e., equipment lifetime and 

various periodic costs associated with replacement and maintenance during the 

period of analysis.  

¶ First-Year Statewide Impacts presents the statewide energy savings and 

environmental impacts of the proposed code change for the first year after the 

2022 code takes effect. This includes the amount of energy that would be saved 

by California building owners and tenants and impacts (increases or reductions) 

on material with emphasis placed on any materials that are considered toxic by 

the state of California. Statewide water consumption impacts are also reported in 

this section. 

1.3 Context Relevant to all Submeasures 

1.3.1 Measure Overview 

The proposed code changes apply to computer rooms that have a design information 

technology equipment (ITE)3 load over 20 Watts per square foot (W/ft2) as defined by 

Title 24, Part 64 and impacts both new construction, additions, and alterations unless 

otherwise noted below. The proposed prescriptive submeasures would appear in 

Section 140.9(a) and new subsection 141.1(b), and the proposed mandatory PUE 

monitoring requirement would appear in a new subsection in Section 120.6. All of the 

prescriptive requirements would have associated updates to the compliance software. 

No update to the compliance software is required for the proposed new mandatory 

requirement. 

These proposed code changes include adding definitions to Section 100.1(b) to include 

UPS, computer room heat recovery, and computer room equipment load term 

definitions. A new section would be added as Nonresidential Appendix NA7.19 for 

Computer Room Acceptance Tests and would include an acceptance test for PUE 

monitoring.  

Table 7 presents a summary of threshold triggers and exceptions for each submeasure.

 

3 ITE is a term adopted from ASHRAE 90.4 Energy Standard for Data Centers. ITE includes computers, 

data storage, servers, and network/communication equipment. This term would be added to Section 

100.1(b). 

4 According to Title 24, Part 6, a Computer Room is defined as a room whose primary function is to house 

electronic equipment and that has a design equipment power density exceeding 20 watts/ft2 (215 

watts/m2) of conditioned floor area. 
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Table 7: Where Proposed Computer Room Requirements Apply  

Submeasure Where Requirements Apply Exceptions 

Increased 
Temperature 
Threshold for 
Economizers 

Computer rooms in new buildings with ITE design load 
over 20 W/ft2 

1. Computer rooms in existing buildings 

2. Buildings where the local water authority does 
not allow cooling towers  

3. Computer rooms with design cooling loads less 
than 20 tons served by two systems (see 
140.9(a) for more detail) 

4. Computer rooms with design fan power no 
greater than 0.35 W/cfm, air containment, and 
25ÁF supply and return air temperature 
differential, and cooling equipment that is 20 
percent or more efficient than minimum code 
efficiency. 

Computer 
Room Heat 
Recovery  

For new buildings in Climate Zones 1, 2, 3, 4, 5, 11, 12, 
13, 14, or 16 with a total ITE design load exceeding 200 
kW and with a design heating load greater than 
4,000,000 Btu/hr; or buildings in Climate Zones 1, 2, 3, 
4, 5, 11, 12, 13, 14, or 16 with a total ITE design load 
exceeding 500 kW and with a design heating load 
greater than 2,500,000 Btu/hr; or buildings in Climate 
Zones 6, 7, 8, 9, 10, or 15 with a total ITE design load 
exceeding 300 kW and with a design heating load 
greater than 5,000,000 Btu/hr 

1. Heating system has coefficient of performance 
(COP) of at least 4.0 at design conditions 

2. Computer rooms in existing buildings 

UPS 
Efficiency 

Computer rooms with ITE design load over 20 W/sf with 
AC-output UPSs 

UPSs utilizing NEMA 1-15P or 5-15P input plugs 

PUE 
Monitoring 

1. At least 2,000 kW computer room ITE design load; 
and 

2. At least 80 percent of building cooling capacity 
serves computer rooms; and 

3. Computer room uses UPS 

N/A 
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The Statewide CASE Team is also recommending removing the healthcare exemption 

from computer room prescriptive requirements in Section 140.9(a), based on input from 

California's Office of Statewide Health Planning and Development (OSHPD) and various 

healthcare stakeholders. 

During the second stakeholder presentation on March 12, 2020, a few stakeholders 

requested that the definitions for ñcomputer roomò and ñdata centerò be updated in Title 

24, Part 6, to match ASHRAE 90.4 definitions, which delineate the definition of 

ñcomputer roomò and ñdata centerò by defining computer rooms as having an ITE load 

less than or equal to 10 kW and by defining data centers as having an ITE load greater 

than 10 kW. The reason for having this 10-kW delineation is because ASHRAE 90.1 

covers computer rooms up to 10 kW and ASHRAE 90.4 covers computer rooms greater 

than 10 kW. However, Title 24 covers computer rooms of all sizes and follows the 

ASHRAE 90.1 definition of computer room, which is ña room whose primary function is 

to house equipment for the processing and storage of electronic data and that has a 

design electronic data equipment power density exceeding 20 W/ft2 of conditioned floor 

areañ. Furthermore, ASHRAE 90.4 defines a ñdata centerò as a space type or a building 

that houses computer rooms with an ITE load greater than 10 kW, whereas Title 24 

defines ñdata centerò as a building type only. 

The Statewide CASE Team is not proposing to change the definitions of ñdata centerò or 

ñcomputer roomò to match ASHRAE 90.4 because changes these definitions is not 

necessary for any of the proposed submeasures. Updating these definitions may cause 

unnecessary confusion by stakeholders trying to comply with and enforce Title 24. 

Additionally, changing the definition of ñdata centerò to include a space type has 

potential implications for how Title 24 compliance software is defined, which would 

cause unnecessary complication to update the software. 

See Section 6.3 of this report for the proposed code language.  

1.3.2 Measure History 

Prescriptive requirements for computer rooms were added to Title 24, Part 6 for the 

2013 code cycle. Title 24, Part 6 requirements for computer rooms have not been 

substantially updated since that time.  

Since 2013, common computer room cooling efficiency strategies have progressed 

beyond the minimum requirements in Title 24, Part 6. Efficient computer room products 

have become less expensive as they have become more widely adopted, and other 

industry guidelines have surpassed Title 24, Part 6 Standards. Performance monitoring 

of computer rooms has become more common practice, such as server utilization 

monitoring and power monitoring.  
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While computer room electrical infrastructure efficiency is a source of significant energy 

savings potential, particularly for uninterruptible power supplies (UPS), Title 24, Part 6 

currently does not address computer room electrical equipment efficiency and treats all 

computer room electrical equipment as an unregulated load. A California Energy 

Commission Public Interest Energy Research (PIER) Program, which identified a 

potential of 0.11-0.42 terawatt-hours per year energy savings potential by establishing 

minimum UPS efficiencies (E. P. Lawrence Berkeley National Laboratory (LBNL) 2008). 

Utility energy efficiency programs such as PG&Eôs Savings by Design and Customized 

Retrofit have also set minimum UPS efficiency standards to encourage efficient UPS 

installations (Taylor Engineering 2016). 

The goal of the proposed code changes is to better align computer room efficiency 

requirements in California with industry design best practices and other industry 

standards and guidelines where applicable. 

1.3.3 Regulatory Context for all Submeasures 

1.3.3.1 Existing Requirements in the California Energy Code 

Title 24, Part 6 first began regulating computer rooms in 2013. These standards focused 

on cooling system efficiency, particularly fan energy and cooling compressor energy.  

Title 24, Part 6, 2019 includes the following relevant requirements:  

¶ Section 140.9(a)1 requires full computer room economizing at outdoor 

temperatures of 55ÁF dry-bulb and 50ÁF wet-bulb and below for air economizers 

or at outdoor temperatures of 40ÁF dry-bulb and 35ÁF wet-bulb and below for 

water economizers, for computer rooms pursuing prescriptive compliance. 

¶ Section 140.9(a)6 requires air containment for computer rooms exceeding 175 

kW per room ITE design load and pursuing prescriptive compliance. 

¶ Section 130.5(a) has mandatory electrical metering requirements for electrical 

loads of various size thresholds.  

¶ Section 120.6(b)4A has a mandatory requirement that refrigerated warehouses 

with cooling loads greater than 150,000 Btu/hr have heat recovery, which 

demonstrates precedent to require heat recovery for a covered process. 

¶ Section 120.1 states that computer room (not printing) spaces have an Air Class 

1 designation per Table 120.1-A ï Minimum Ventilation Rates, and therefore 

computer room air may be transferred to any space type per 120.1(g)1.  

There are no relevant existing requirements in Title 24, Part 6 for UPS efficiency.  
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1.3.3.2 Relationship to Requirements in Other Parts of the California Building 
Code  

Appendix E: Sustainable Practices of the 2019 California Mechanical Code includes 

provisions that address energy performance of computer rooms. This appendix is 

provided for reference, but provisions in Appendix E are not mandatory throughout 

California or in any local jurisdiction. Section E 503.5 includes prescriptive requirements 

for economizers. Exceptions (11) and (12) specify when economizer requirements apply 

to computer rooms. The mechanical code requires less stringent prescriptive 

economizer requirements for computer rooms than the 2019 Title 24, Part 6 

requirements and the proposed code changes by allowing more exceptions to when 

economizers are required. Section E 503.8 presents an alternative compliance path that 

gives credit to computer rooms with modeled PUE values meeting certain thresholds as 

defined by ASHRAE 90.1. It is not anticipated that introducing a PUE monitoring 

requirement under Title 24, Part 6 would impact Appendix E requirements, since 

Appendix E is not a requirement anywhere in California and Appendix E would only 

apply to design and not building operation. 

The 2019 California Electrical Code includes installation requirements for UPSs in 

section 645.11 but no requirements for UPS efficiency. The 2019 Appliance Efficiency 

Standards (Title 20) section 1605.3(w)(4) includes requirements for battery backup 

systems to consume no more than 0.8 + 0.0021 x Eb watts in maintenance mode where 

Eb is the battery capacity in watt-hours.  

The 2019 California Electrical Code includes installation requirements for electric 

meters, which would be applicable to PUE monitoring devices, in sections 230.82, 

230.94 Exception 5, 250.142(B), 250.174. 250.176, 501.105, and 501.150. 

There are no relevant requirements in other parts of the California Building Code for 

computer room heat recovery.  

1.3.3.3 Relationship to Local, State, or Federal Laws 

There are no relevant local, state, or federal laws for an increased temperature 

threshold for economizers or computer room heat recovery.  

UPS Efficiency. On January 10, 2020, the United States (U.S.) Department of Energy 

(DOE) passed a Final Rule establishing minimum efficiency standards for AC-output 

UPSs using NEMA 1-15P or 5-15P input plugs by Federal Regulation Code Title 10, 

Part 430 (Office of Energy Efficiency and Renewable Energy n.d.). The cited Final Rule 

document describes the full technical, market, and cost-effectiveness analysis. The new 

federal requirements apply to UPSs manufactured on and after January 10, 2022. The 

federal requirements cover UPS products that use a 120 V plug and are aimed at UPSs 

used in residential and small commercial appliances that are smaller than those 

typically used in computer rooms. The federal requirements include minimum UPS 
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efficiencies for UPSs in three size categories: less than 300 W, greater than 700 W, and 

between 300 W and 700 W. As noted in the Final Rule, NEMA 1-15P and 5-15P plugs 

are capable of handling up to 15 A and 125 V, which gives them an upper power limit of 

1,875 W. This means an 1,875 W UPS is effectively the largest UPS capacity subject to 

the federal UPS requirement. UPSs used in computer rooms are typically larger, 

centralized systems serving many servers and use 480 V or 208 V. To explicitly avoid 

overlap with the federal UPS standard, the Statewide CASE Team is recommending an 

exception from the proposed Title 24 minimum UPS efficiency requirement for UPSs 

that use NEMA 1-15P or 5-15P input plugs. 

PUE Monitoring. Data centers are required to report annual energy use data to the 

Energy Commissionôs Building Energy Benchmarking Program (CEC 2019), under 

California Assembly Bill 802. However, the Benchmarking Program only reports annual 

energy use per square foot for all buildings. PUE is a more meaningful energy efficiency 

metric for computer rooms/data centers since their energy use is so strongly dependent 

on the installed IT equipment load, rather than floor area. Requiring data centers to 

have the monitoring infrastructure under Title 24, Part 6, could enable data centers to 

more easily report PUE to the Building Energy Benchmarking Program if the program 

were to decide to incorporate PUE. 

1.3.3.4 Relationship to Industry Standards  

ASHRAE Standard 90.1 defines ñcomputer roomò as ña room whose primary function is 

to house equipment for the processing and storage of electronic data and that has a 

design electronic data equipment power density exceeding 20 W/ft of conditioned floor 

areaò (ASHRAE, Standard 90.1 Energy Standard for Buildings Except Low-Rise 

Residential Buildings 2019). Title 24, Part 6 follows this definition. 

ASHRAE 90.1 2019 section 6.5.1.2.1 includes exceptions for computer room cooling 

and defines outdoor economizing temperature requirements by climate zones. These 

temperature requirements are less stringent than 2019 Title 24 economizer 

requirements.  

ASHRAE 90.1 2019 section 6.5.1.11 provides an exception for computer room 

economizing where the local water authority does not allow cooling towers. The 

Statewide CASE Team is proposing to include this exception for the new economizer 

temperature threshold requirements. 

The proposed UPS efficiency submeasure matches ENERGY STAR Program 

Requirements for UPSs - Eligibility Criteria Version 2.0, for efficiency and testing 

requirements. ASHRAE Standard 90.4 ñEnergy Standard for Data Centersò (ASHRAE, 

Energy Standard for Data Centers 2016) includes UPS efficiency requirements. 

Washington State recently adopted ASHRAE 90.4 2016, Chapter 8, which will go into 

effect for data centers in July 2020. 
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The International Electrotechnical Commission is working on developing a UPS test 

standard under IEC 62040-3. This standard is anticipated to be released by the end of 

2020. 

There are no relevant industry standards for computer room heat recovery or PUE 

monitoring. 

The 2019 California Building Code section 1224.5.2.1 defines a healthcare technology 

equipment center as a ñspace that is not used for any purpose other than electronic 

data storage, processing, and networking.ò This is very similar to a computer room as 

defined in Title 24, Part 6. 

1.4 Market Analysis Relevant to All Submeasures 

1.4.1 Market Structure 

The Statewide CASE Team performed a market analysis with the goals of identifying 

current technology availability, current product availability, and market trends. It then 

considered how the proposed standard may impact the market in general as well as 

individual market actors. Information was gathered about the incremental cost of 

complying with the proposed measure. Estimates of market size and measure 

applicability were identified through research and outreach with stakeholders including 

utility program staff, Energy Commission staff, and a wide range of industry actors. In 

addition to conducting personalized outreach to stakeholders, the Statewide CASE 

Team discussed the current market structure and potential market barriers during public 

stakeholder meetings that the Statewide CASE Team held on October 15, 2019 (Team, 

Nonresidential HVAC Part 1: Data Centers, Boilers, Controls Utility-Sponsored 

Stakeholder Meeting Notes 2019) and March 12, 2020 ( (Team, Nonresidential and 

Single Family HVAC Part 1: Data Centers, Boilers, Air Distribution, Variable Capacity 

2020)). 

1.4.2 Technical Feasibility, Market Availability, and Current Practices 

Title 24, Part 6, defines a computer room as a room within a building whose primary 

function is to house electronic equipment and that has a design equipment power 

density exceeding 20 watts/ft2 of conditioned floor area. Due to the high receptacle 

loads from IT equipment, cooling energy from fans and compressors are two of the 

largest opportunities for saving energy of Title 24-regulated loads in computer rooms.  

To reduce fan energy, IT racks can be arranged in ñhot aislesò and ñcold aislesò, such 

that servers are installed to all face the same direction in a row of racks. The ñcold aisleò 

is the air space between server racks where the cool supply air enters the front of 

servers, and the ñhot aisleò is the air space between server racks where the warm return 
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air exits the back of the servers. Figure 1 below shows an elevation view of IT racks 

arranged in a hot and cold aisle configuration. 

 

Figure 1. Hot aisle/cold aisle server arrangement schematic. 

Source: Red Car Analytics, 2020. 

1.4.3 Market Impacts and Economic Assessments 

1.4.3.1 Impact on Builders 

Builders of residential and commercial structures are directly impacted by many of the 

proposed code changes for the 2022 code cycle. It is within the normal practices of 

these businesses to adjust their building practices to changes in building codes. When 

necessary, builders engage in continuing education and training in order to remain 

compliant with changes to design practices and building codes.  

Californiaôs construction industry is comprised of about 80,000 business establishments 

and 860,000 employees (see Table 8).5 In 2018, total payroll was $80 billion. Nearly 

60,000 of these business establishments and 420,000 employees are engaged in the 

residential building sector, while another 17,000 establishments and 344,000 

employees focus on the commercial sector. The remainder of establishments and 

employees work in industrial, utilities, infrastructure, and other heavy construction 

(industrial sector). 

 

5 Average total monthly employment in California in 2018 was 18.6 million; the construction industry 

represented 4.5 percent of 2018 employment. 
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Table 8: California Construction Industry, Establishments, Employment, and 
Payroll 

Construction Sectors Establishments Employment Annual 
Payroll  

(billions $) 

Commercial 17,273 343,513 $27.8 

 Commercial Building Construction 4,508 75,558 $6.9 

 Foundation, Structure, & Building 
Exterior 

2,153 53,531 $3.7 

 Building Equipment Contractors 6,015 128,812 $10.9 

 Building Finishing Contractors 4,597 85,612 $6.2 

Industrial, Utilities, 
Infrastructure, & Other  

4,103 96,550 $9.2 

 Industrial Building Construction 299 5,864 $0.5 

 Utility System Construction 1,643 47,619 $4.3 

 Land Subdivision 952 7,584 $0.9 

 Highway, Street, and Bridge 
Construction 

770 25,477 $2.4 

 Other Heavy Construction 439 10,006 $1.0 

Source: (State of California, Employment Development Department n.d.) 

The proposed changes to computer rooms would likely affect commercial builders but 

would not impact firms that focus on construction and retrofit of industrial buildings, 

utility systems, public infrastructure, or other heavy construction. The effects on the 

residential and commercial building industry would not be felt by all firms and workers, 

but rather would be concentrated in specific industry subsectors. Table 9 shows the 

commercial building subsectors the Statewide CASE Team expects to be impacted by 

the changes proposed in this report. The increased temperature threshold for 

economizers and heat recovery submeasures primarily impact HVAC contractors but 

are expected to also impact electrical and HVAC controls contractors. The UPS 

efficiency and PUE monitoring submeasures primarily impact electrical contractors, with 

the PUE monitoring submeasure also impacting controls contractors. The Statewide 

CASE Teamôs estimates of the magnitude of these impacts are shown in Section 3.4 

Economic Impacts. 
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Table 9: Specific Subsectors of the California Commercial Building Industry 
Impacted by Proposed Change to Code/Standard 

Construction Subsector Establishments Employment Annual 
Payroll  

(billions $) 

Commercial Building 
Construction 4,508 75,558 $6.9 

 Nonresidential Electrical 
Contractors 3,115 66,951 $5.6 

 Nonresidential plumbing and 
HVAC contractors 2,394 52,977 $4.5 

Other Nonresidential equipment 
contractors 506 8,884 $0.9 

All other Nonresidential trade 
contractors 988 17,960 $1.4 

Source: (State of California, Employment Development Department n.d.) 

1.4.3.2 Impact on Building Designers and Energy Consultants 

Adjusting design practices to comply with changing building codes practices is within 

the normal practices of building designers. Building codes (including Title 24, Part 6) are 

typically updated on a three-year revision cycle and building designers and energy 

consultants engage in continuing education and training in order to remain compliant 

with changes to design practices and building codes.  

Businesses that focus on residential, commercial, institutional, and industrial building 

design are contained within the Architectural Services sector (North American Industry 

Classification System 541310). Table 10: California Building Designer and Energy 

Consultant Sectors shows the number of establishments, employment, and total annual 

payroll for Building Architectural Services. The proposed code changes would 

potentially impact all firms within the Architectural Services sector. The Statewide CASE 

Team anticipates the impacts for computer room efficiency to affect firms that focus on 

nonresidential construction.  

There is not a North American Industry Classification System (NAICS)6 code specific for 

energy consultants. Instead, businesses that focus on consulting related to building 

 

6 NAICS is the standard used by Federal statistical agencies in classifying business establishments for 

the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy. 

NAICS was developed jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics 

Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of 

comparability in business statistics among the North American countries. NAICS replaced the Standard 

Industrial Classification (SIC) system in 1997. 
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energy efficiency are contained in the Building Inspection Services sector (NAICS 

541350), which is comprised of firms primarily engaged in the physical inspection of 

residential and nonresidential buildings.7 It is not possible to determine which business 

establishments within the Building Inspection Services sector are focused on energy 

efficiency consulting. The information shown in Table 10 provides an upper bound 

indication of the size of this sector in California.    

Table 10: California Building Designer and Energy Consultant Sectors 

Sector Establishments Employment Annual Payroll  
(billions $) 

Architectural Services a 3,704 29,611 $2.9 

Building Inspection 
Services b 824 3,145 $0.2 

Source: (State of California, Employment Development Department n.d.) 

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged 
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and 
structures;  

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily 
engaged in providing building (residential & nonresidential) inspection services encompassing all 
aspects of the building structure and component systems, including energy efficiency inspection 
services. 

1.4.3.3 Impact on Occupational Safety and Health 

The proposed code change does not alter any existing federal, state, or local 

regulations pertaining to safety and health, including rules enforced by the California 

Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety 

rules would remain in place. Complying with the proposed code change is not 

anticipated to have adverse impacts on the safety or health of occupants or those 

involved with the construction, commissioning, and maintenance of the building.  

1.4.3.4 Impact on Building Owners and Occupants in Commercial Buildings 

The commercial building sector includes a wide array of building types, including offices, 

restaurants and lodging, retail, and mixed-use establishments, and warehouses 

(including refrigerated) (Kenny, Bird and Rosales 2019). Energy use by occupants of 

 

7 Establishments in this sector include businesses primarily engaged in evaluating a buildingôs structure 

and component systems and includes energy efficiency inspection services and home inspection 

services. This sector does not include establishments primarily engaged in providing inspections for 

pests, hazardous wastes or other environmental contaminants, nor does it include state and local 

government entities that focus on building or energy code compliance/enforcement of building codes and 

regulations.  
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commercial buildings also varies considerably with electricity used primarily for lighting, 

space cooling and conditioning, and refrigeration. Natural gas consumed primarily for 

heating water and for space heating. According to information published in the 2019 

California Energy Efficiency Action Plan, there is more than 7.5 billion square feet of 

commercial floor space in California and consumes 19 percent of Californiaôs total 

annual energy use (Kenny, Bird and Rosales 2019). The diversity of building and 

business types within this sector creates a challenge for disseminating information on 

energy and water efficiency solutions, as does the variability in sophistication of building 

owners and the relationships between building owners and occupants.  

Building owners and occupants would benefit from lower energy bills. As discussed in 

Section 1.4.4.1, when building occupants save on energy bills, they tend to spend it 

elsewhere in the economy thereby creating jobs and economic growth for the California 

economy. The Statewide CASE Team does not expect the proposed code change for 

the 2022 code cycle to impact building owners or occupants adversely. 

1.4.3.5 Impact on Building Component Retailers (Including Manufacturers and 
Distributors) 

The proposed increased temperature threshold for economizers sets more aggressive 

energy performance requirements that not all products available in todayôs market may 

be able to meet prescriptively. The UPS efficiency submeasure would require 

manufacturers to perform efficiency testing per ENERGY STAR requirements to 

demonstrate the UPS meets the proposed prescriptive Title 24 requirement. 

1.4.3.6 Impact on Building Inspectors  

Table 11 shows employment and payroll information for state and local government 

agencies in which many inspectors of residential and commercial buildings are 

employed. Building inspectors participate in continuing training to stay current on all 

aspects of building regulations, including energy efficiency. The Statewide CASE Team 

therefore anticipates the proposed change would have minimal impact on employment 

of building inspectors or the scope of their role conducting energy efficiency inspections.   
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Table 11: Employment in California State and Government Agencies with Building 
Inspectors 

Sector Govt. Establishments Employment Annual Payroll  
(millions $) 

Administration of 
Housing Programsa 

State 17 283 $29.0 

Local 36 2,882 $205.7 

Urban and Rural 
Development 
Adminb 

State 35 552 $48.2 

Local 
52 2,446 $186.6 

Source: (State of California, Employment Development Department n.d.) 

a. Administration of Housing Programs (NAICS 925110) comprises government establishments 
primarily engaged in the administration and planning of housing programs, including building codes 
and standards, housing authorities, and housing programs, planning, and development. 

b. Urban and Rural Development Administration (NAICS 925120) comprises government 
establishments primarily engaged in the administration and planning of the development of urban 
and rural areas. Included in this industry are government zoning boards and commissions. 

1.4.3.7 Impact on Statewide Employment 

As described in Sections 3.3.1 through 3.3.6, the Statewide CASE Team does not 

anticipate significant employment or financial impacts to any particular sector of the 

California economy. This is not to say that the proposed change would not have modest 

impacts on employment in California. In Section 3.4, the Statewide CASE Team 

estimated the proposed changes in computer room efficiency would affect statewide 

employment and economic output directly and indirectly through its impact on builders, 

designers and energy consultants, and building inspectors. In addition, the Statewide 

CASE Team estimated how energy savings associated with the proposed changes in 

computer room efficiency would lead to modest ongoing financial savings for California 

residents, which would then be available for other economic activities.  

1.4.4 Economic Impacts 

Adoption of this code change proposal would result in relatively modest economic 

impacts through the additional direct spending by those in the commercial building 

industry, architects, energy consultants, and building inspectors. The Statewide CASE 

Team does not anticipate that money saved by commercial building owners or other 

organizations affected by the proposed 2022 code cycle regulations would result in 

additional spending by those businesses. 
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Table 12: Estimated Impact that Adoption of the Proposed Measure would have 
on the California Commercial Construction Sector  

Type of Economic Impact Employment 
(jobs) 

Labor 
Income 

(millions $) 

Total Value 
Added 

(millions $) 

Output 

(millions $) 

Direct Effects (Additional 
spending by Commercial 
Builders) 

2,400 $161  $214  $354  

Indirect Effect (Additional 
spending by firms supporting 
Commercial Builders) 

500 $39  $62  $119  

Induced Effect (Spending by 
employees of firms 
experiencing ñdirectò or 
ñindirectò effects) 

1,100 $60  $107  $175  

Total Economic Impacts 4,000 $260  $383  $647  

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  

Table 13: Estimated Impact that Adoption of the Proposed Measure would have 
on the California Building Designers and Energy Consultants Sectors 

Type of Economic Impact Employment 
(jobs) 

Labor Income 

(millions $) 

Total Value 
Added 

(millions $) 

Output 

(millions 
$) 

Direct Effects (Additional 
spending by Building 
Designers & Energy 
Consultants) 

1 $0.10  $0.10  $0.17  

Indirect Effect (Additional 
spending by firms supporting 
Bldg. Designers & Energy 
Consult.) 

1 $0.04  $0.05  $0.09  

Induced Effect (Spending by 
employees of firms 
experiencing ñdirectò or 
ñindirectò effects) 

1 $0.04  $0.07  $0.12  

Total Economic Impacts 3 $0.18  $0.22  $0.38  

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  
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Table 14: Estimated Impact that Adoption of the Proposed Measure Would Have 
on California Building Inspectors 

Type of Economic 
Impact 

Employment 
(jobs) 

Labor 
Income 

(millions $) 

Total Value 
Added 

(millions $) 

Outputs 
(millions $) 

Direct Effects 
(Additional spending 
by Building 
Inspectors) 

0 $0.02  $0.03  $0.03  

Indirect Effect 
(Additional spending 
by firms supporting 
Building Inspectors) 

0 $0.00  $0.00  $0.00  

Induced Effect 
(Spending by 
employees of Building 
Inspection Bureaus 
and Departments) 

0 $0.01  $0.01  $0.02  

Total Economic 
Impacts 

0 $0.03  $0.04  $0.06  

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  

1.4.4.1 Creation or Elimination of Jobs 

The Statewide CASE Team does not anticipate that the measures proposed for the 

2022 code cycle regulation would lead to the creation of new types of jobs or the 

elimination of existing types of jobs. In other words, the Statewide CASE Teamôs 

proposed change would not result in economic disruption to any sector of the California 

economy. Rather, the estimates of economic impacts discussed in Section 3.4 would 

lead to modest changes in employment of existing jobs. 

1.4.4.2 Creation or Elimination of Businesses in California 

As stated in Section 3.4.1, the Statewide CASE Teamôs proposed change would not 

result in economic disruption to any sector of the California economy. Therefore, the 

Statewide CASE Team does not foresee any new businesses being created, nor does 

the Statewide CASE Team think any existing businesses would be eliminated due to the 

proposed code changes.  



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-HVAC1-F | 25 

1.4.4.3 Competitive Advantages or Disadvantages for Businesses in California 

The proposed code changes would apply to all businesses operating in California, 

regardless of whether the business is incorporated inside or outside of the state.8 

Therefore, the Statewide CASE Team does not anticipate that these measures 

proposed for the 2022 code cycle regulation would have an adverse effect on the 

competitiveness of California businesses. Likewise, the Statewide CASE Team does 

not anticipate businesses located outside of California would be advantaged or 

disadvantaged. 

1.4.4.4 Increase or Decrease of Investments in the State of California 

The Statewide CASE Team analyzed national data on corporate profits and capital 

investment by businesses that expand a firmôs capital stock (referred to as net private 

domestic investment, or NPDI).9 As Table 15 shows between 2015 and 2019, NPDI as 

a percentage of corporate profits ranged from 26 to 35 percent, with an average of 31 

percent. While only an approximation of the proportion of business income used for net 

capital investment, the Statewide CASE Team believes it provides a reasonable 

estimate of the proportion of proprietor income that would be reinvested by business 

owners into expanding their capital stock. 

Table 15: Net Domestic Private Investment and Corporate Profits, U.S. 

Year Net Domestic Private 
Investment by Businesses, 

Billions of Dollars 

Corporate Profits 
After Taxes, 

Billions of Dollars 

Ratio of Net Private 
Investment to 

Corporate Profits 

2015 609.3 1,740.4 35% 

2016 456.0 1,739.8 26% 

2017 509.3 1,813.6 28% 

2018 618.3 1,843.7 34% 

2019 580.9 1,827.0 32% 

5-Year Average 31% 

Source: (Federal Reserve Economic Data n.d.) 

The Statewide CASE Team anticipates about a $10 million net increase in private 

investment from the proposed measure.  

 

8 Gov. Code, ÄÄ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR Ä 2003(a)(3) Competitive advantages or 

disadvantages for California businesses currently doing business in the state. 

9 Net private domestic investment is the total amount of investment in capital by the business sector that 

is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is 

the money left after a corporation pays its expenses.  
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1.4.4.5 Effects on the State General Fund, State Special Funds, and Local 
Governments 

The Statewide CASE Team does not expect the proposed code changes would have a 

measurable impact on Californiaôs General Fund, any state special funds, or local 

government funds. 

1.4.4.6 Cost of Enforcement 

Cost to the State 

State government already has budgeted for code development, education, and 

compliance enforcement. While state government would be allocating resources to 

update the Title 24, Part 6 Standards, including updating education and compliance 

materials and responding to questions about the revised requirements, these activities 

are already covered by existing state budgets. The costs to state government are small 

when compared to the overall costs savings and policy benefits associated with the 

code change proposals. The proposed code changes are expected to have a minimal 

impact on state buildings by only impacting computer room space types, with most 

impacts being for new construction buildings. Each submeasure has been found to be 

cost effective.  

Cost to Local Governments 

All proposed code changes to Title 24, Part 6 would result in changes to compliance 

determinations. Local governments would need to train building department staff on the 

revised Title 24, Part 6 Standards. While this re-training is an expense to local 

governments, it is not a new cost associated with the 2022 code change cycle. The 

building code is updated on a triennial basis, and local governments plan and budget for 

retraining every time the code is updated. There are numerous resources available to 

local governments to support compliance training that can help mitigate the cost of 

retraining, including tools, training and resources provided by the IOU Codes and 

Standards program (such as Energy Code Ace). As noted in Section 2.5 and Appendix 

C, the Statewide CASE Team considered how the proposed code change might impact 

various market actors involved in the compliance and enforcement process and aimed 

to minimize negative impacts on local governments.  

1.4.4.7 Impacts on Specific Persons 

While the objective of any of the Statewide CASE Teamôs proposal is to promote energy 

efficiency, the Statewide CASE Team recognizes that there is the potential that a 

proposed code change may result in unintended consequences. This proposal is not 

expected to result in impacts on specific persons different from the general population. 

Impacts of the proposed submeasures on individual persons is anticipated to be very 
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minimal, as the proposed code changes impact building systems serving covered 

process spaces, not accessible to typical building occupants. 
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2. Increased Temperature Threshold 

2.1 Measure Description 

2.1.1 Measure Overview 

This submeasure proposal includes the following modifications to Section 140.9(a) 

prescriptive requirements for computer rooms. 

¶ Establish a single set of outdoor temperatures for all economizer types, instead 

of having separate requirements for air and water economizers. 

¶ Increase minimum outdoor temperatures for full economizing to 65ÁF dry-bulb or 

50ÁF wet-bulb for any type of economizer. Currently the thresholds are 55ÁF dry-

bulb and 50ÁF wet-bulb for air economizers, and 40ÁF dry-bulb and 35ÁF wet-bulb 

for water economizers. An exception is included to allow projects to meet the 

2019 Section 140.9(a)1 economizer temperature requirements as long as they 

also implement higher efficiency fan systems, air containment, and cooling 

equipment. 

¶ Decrease the computer room minimum size threshold for requiring air 

containment from 175 kW per room to 10 kW per room ITE design load. 

¶ Modify 140.09(a)1 Exception 4 to allow for the computer room to be served by 

the maximum spare cooling capacity from the economizing fan system rather 

than requiring the economizing fan system to serve the full design cooling load of 

the computer room, as long as at least five tons of economizer cooling is 

provided. This exception would apply to all computer rooms. 

This submeasure proposal includes the following modifications in Section 141.1(b) 

prescriptive requirements for computer rooms in existing buildings.  

¶ Addition of economizer requirements for computer rooms in existing buildings. 

This involves moving 2019 Title 24, Part 6, 140.9(a)1 requirements to this new 

subsection. This would not introduce new requirements for computer rooms in 

additions/ alterations but would clarify which requirements apply to computer 

rooms in new buildings and which requirements apply to computer rooms in 

additions/alterations. 

Finally, this submeasure proposal includes recommendations to update the compliance 

software to allow designers who use the performance approach to model the impacts of 

computer room economizers. California Building Energy Code Compliance software for 

commercial buildings (CBECC-Com) is not currently capable of modeling dry cooler or 

refrigerant economizers. Both of these economizer types are commonly used in 

California and offered by a number of major manufacturers. The Statewide CASE Team 
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recommends that CBECC-Com be updated so dry cooler and refrigerant economizers 

can be modeled and projects using these technologies may pursue the performance 

compliance path. 

CBECC-Com currently has limitations on the air temperatures that can be modeled for 

computer rooms. Based on reviews of dozens of computer room designs, stakeholder 

consultations, and best practice guideline references such as ASHRAE (ASHRAE, 

Thermal Guidelines for Data Processing Environments, Fourth Edition 2015), it is 

evident that a variety of supply and return air temperatures are commonly used in 

computer room designs, which have a large impact on compressor energy based on 

economizing hours and on fan energy. The Statewide CASE Team recommends that 

CBECC-Com be updated so exact design supply and return air temperatures can be 

modeled and the economizing system incorporates these temperatures. 

See Appendix D for additional information about proposed changes to the compliance 

software. 

2.1.2 Measure History 

Since 2013, Title 24, Part 6 has included prescriptive requirements for computer rooms 

with ITE design loads greater than 20 W/ft2. One of these requirements is to utilize full 

economizing at 55ÁF dry-bulb and 50ÁF wet-bulb outdoor temperature and below for air 

economizers or to utilize full economizing at 40ÁF dry-bulb and 35ÁF wet-bulb outdoor 

temperature and below for water economizers (Section 140.9(a)1). These requirements 

assume a 60ÁF computer room supply air temperature, which is included in compliance 

modeling software. A 60ÁF supply air temperature is below the recommended range for 

computer rooms per ASHRAE Thermal Guidelines for Data Processing Environments 

(ASHRAE 2015), which includes a recommended server inlet dry-bulb temperature 

between 64.4ÁF and 80.6ÁF. Another requirement is to install air containment for rooms 

exceeding 175 kW/room (Section 140.9(a)6). While these were important first steps in 

establishing statewide energy savings for computer rooms, these requirements are 

relatively conservative compared to computer room design best practices and when 

considering pricing of air containment products available on the market. This 

submeasure seeks to improve Title 24, Part 6 alignment with ASHRAE Thermal 

Guidelines for Data Processing Environments (ASHRAE 2015), by increasing the 

minimum outdoor temperature requirement for full economizing with any type of 

economizer to 65ÁF dry-bulb or 50ÁF wet-bulb temperature. These values are based on 
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an assumed 70ÁF computer room supply air dry-bulb temperature setpoint,10 which falls 

in the lower range of ASHRAEôs recommended server inlet dry-bulb temperature. 

Increasing the outdoor temperature for full economizing would save significant energy 

for all climate zones in California by increasing the annual hours of economizing. 

Some significant barriers were identified for implementing these increased economizing 

temperature thresholds for computer rooms in existing buildings, both new computer 

rooms in existing buildings and expansions of existing computer rooms. These barriers 

include difficulty in accessing outside air for direct air economizing for computer rooms 

located in core zones, cooling coils sized for colder supply air temperatures (e.g., 60ÁF) 

not being able to meet cooling loads if operated at warmer temperatures, and cooling 

towers or dry coolers sized for colder temperatures and not having adequate approach 

temperatures to meet the proposed elevated outdoor temperature requirements. Due to 

these barriers, the proposed increased temperature thresholds for economizers are 

proposed for new construction computer rooms only. 

To supply air at 70ÁF dry-bulb temperature and maintain server inlet temperature below 

80.6ÁF, air containment can be used to reduce mixing of hot return air with cool supply 

air before the cool air reaches the server inlets. Air containment has become 

increasingly prevalent in computer rooms, with many available products, including 

blanking panels, strip curtains, solid doors/panels, and return air chimneys, providing 

cost-effective containment options for computer rooms of varying sizes. 

By reducing mixing of supply and return air, installing air containment reduces the 

amount of airflow needed to provide cooling, which results in reduced cooling fan power 

demand and annual energy savings. There are not significant differences in the 

implementation of installing air containment in new computer rooms compared to 

existing computer rooms. Therefore, the air containment component of this submeasure 

is being proposed for both new construction and alterations to match the current air 

containment application. 

While computer room economizer requirements have been included in Title 24, Part 6 

since 2013, compliance software provides limited options in which economizer system 

types and operating conditions that can be modeled. For example, dry cooler and 

refrigerant economizers cannot be modeled in the software. Also, the software does not 

allow for deviation from standard supply and return air temperatures (60ÁF and 80ÁF) to 

be modeled, such that computer rooms designed for elevated temperatures cannot take 

 

10 Air economizer: 100% outside air can be provided for up to 65ÁF outdoor dry-bulb and up to 5ÁF 

temperature increase due to fan heat to meet the supply air temperature setpoint. Water economizer: 

100% of the computer room cooling load can be provided by cooling towers with a 10ÁF wet-bulb 

approach temperature, 3ÁF heat exchanger approach temperature, and 7ÁF chilled water coil approach 

temperature plus fan heat temperature increase. 
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full credit for the increased economizer hours their design provides. The lack of air 

temperature flexibility also does not allow for designs to take credit for larger supply and 

return air differentials, when computer rooms are often designed for 25ÁF or 30ÁF, which 

can use significantly less fan energy than computer rooms designed for a 20ÁF supply 

and return air differential. 

2.1.3 Compliance and Enforcement 

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and how negative impacts on 

market actors who are involved in the process could be mitigated or reduced. This 

section describes how to comply with the proposed code change. It also describes the 

compliance verification process. Appendix E presents how the proposed changes could 

impact various market actors.  

The activities that need to occur during each phase of the project are described below. 

¶ Design Phase: The mechanical design engineer determines which economizer 

requirements are triggered based on the computer room ITE design load, 

building type (new or existing), and if the computer room ITE design load triggers 

the requirement for air containment. The mechanical design engineer performs 

this load calculation as current standard practice. Mechanical design engineers 

show cooling coil temperatures and economizers are sized to meet economizing 

requirements and air containment on permit design drawings, and specifications 

as needed. Coordination with the architect is required for all mechanical design 

elements and in particular, for air economizing systems which require access to 

outside air for the computer room. Mechanical design engineers or energy 

consultants complete Nonresidential Certificate of Compliance (NRCC) forms 

with the permit package. These activities are the same as current requirements; 

however, the mechanical design engineer would need to follow the new 

requirements. 

¶ Permit Application Phase: The plans examiner reviews mechanical permit 

drawings and specifications to confirm if air containment is required and, if so, 

that it is shown on the permit documents. The plans examiner also reviews 

equipment schedules to confirm economizer type and design temperatures. If the 

heat recovery exception is being used, then the mechanical drawings must show 

CBECC-Com simulation results that show at least 80 percent of the annual 

computer room cooling load is used to provide heating to other building heating 

loads.  

¶ Construction Phase: The mechanical contractor reviews mechanical design 

documents to confirm air containment and economizer requirements, and then 

selects and installs air containment (if required) and an economizer that meets 
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the design specification. The controls contractor installs controls to allow the 

economizer system to operate per the design specification. 

¶ Inspection Phase: The mechanical contractor completes Nonresidential 

Certificate of Installation (NRCI) forms. 

2.2 Market Analysis 

2.2.1 Market Structure 

2.2.1.1 Market Overview  

Market surveys by the Uptime Institute, a leading computer room industry research 

group, indicated 80 percent of survey respondents use air containment in their computer 

rooms, 63 percent of respondents use elevated temperatures, and 61 percent use air or 

water economizing (Institute 2014). Though responses were from global participants, 

these numbers are thought to reflect common practices in California computer rooms. 

These numbers indicate wide adoption of these technologies in computer rooms in 2014 

when these technologies became required for computer rooms in Title 24, Part 6. Since 

that time, economizing in computer rooms and air containment have become even more 

common practice in California, as building operators have come to realize the significant 

energy savings associated with these strategies and more cost-effective products are 

available in the market.  

The air temperatures at which a computer room operates are dependent on several 

factors, including server arrangement, installed air containment products, supply air (or 

return air) temperature setpoint, supply fan speed control method and setpoint, and 

cooling coil design condition selection. The operating temperatures impact how many 

annual hours the computer room can operate in economizing mode. Many of the design 

features are determined by the mechanical design engineer (e.g., temperature and fan 

speed control sequences of operation, selected coil conditions), who typically works 

with the owner to determine acceptable design temperature and humidity conditions for 

computer room operation. The design engineer also coordinates with other engineering 

trades such as architects, electrical engineers, and structural engineers) to select 

location and orientation for server racks and IT equipment, while considering 

requirements for airflow, and mechanical, electrical, and structural infrastructure. Lastly, 

products are specified to meet the design requirements. Air containment products are 

sold directly from manufacturers or sales representatives, and mechanical economizer 

equipment is sold by third party sales representatives. Containment and economizer 

products may consist of customized components or pre-packaged systems. In either 

case, there are many manufacturers that make and sell these products in California. 
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Computer rooms vary in size and can range from a few kilowatts of ITE design load up 

to tens of megawatts of ITE design load. Smaller computer rooms are typically located 

in buildings that are designed primarily for other uses (e.g., offices, schools) and are 

owned and/or operated by the same entity owning/operating the rest of the building. 

Very small computer rooms (approximately 10 kW of ITE design load and lower) are 

typically served by larger building air handling systems with economizers with a 

dedicated variable air volume terminal unit serving the computer room. On the other 

hand, very large computer rooms (or ñdata centersò) are typically located in buildings 

that were designed and constructed to be primarily computer room space, and space 

layouts and building infrastructure are designed and constructed to be optimized for 

computer room equipment. These large data centers can be developed and operated by 

companies who specialize in building and operating data centers for tenants.  

A couple of data center developers expressed concern about the proposed increase to 

temperature thresholds for economizing because their standard designs include air-

cooled chillers with integrated dry cooler economizers, and they do not include 

evaporative cooling (e.g., water-cooled chillers and evaporative cooling towers). Their 

stated reasons for this design include water use concerns, demand from tenants and 

market competition to build faster than what water-cooled chiller plants allow, and ability 

to build out cooling equipment modularly to be able to segregate cooling equipment by 

tenant in the case of multiple tenants and to be able to build out cooling equipment 

capacity by construction phase. To address the speed to market concern, it is noted that 

the proposed energy code change would apply to all new computer rooms, so all 

owners would have equal requirements.  

The Statewide CASE Team worked with prominent national manufacturers to obtain 

market data of the relative numbers of different types of economizers used in computer 

rooms in California, in addition to U.S. DOE national data (U.S. Department of Energy 

2011) and CBECS chiller data (U.S. Department of Energy 2012). This information was 

used to estimate the market share of prominent economizer types in California 

computer rooms. The results are shown in the table below. 
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Table 16: Estimated Computer Room Cooling System Types in California 

Cooling System Type Portion of California 
Computer Rooms 

CRACs without fluid/refrigerant economizer 54% 

CRACs with fluid/refrigerant economizer 13% 

CRAHs served by water-cooled chillers 23% 

CRAHs served by air-cooled chillers 10% 

Total 100% 

The DOE data includes national CRAC sales data and indicates 19 percent of CRACs 

have economizers and 81 percent of CRACs are not sold with economizers; this ratio 

stays constant from 2018 through at least 2023. Manufacturer data indicated that 

Californiaôs market matches the national CRAC market in terms of the portion of CRACs 

sold with and without economizers. 

Manufacturers provided information that helped estimate the market portion using 

CRACs and CRAHs. Data on other cooling system types such as DX package units or 

in-row chilled water fan coils was not obtained. To determine the breakdown of water-

cooled chillers and air-cooled chillers serving CRAHs, CBECS data for the Pacific 

Region was used for all buildings with chillers. It is assumed this distribution applies to 

computer rooms in the same ratios as all buildings included in the CBECS survey. 

Data was not broken out by new construction and additions/alterations. For the 

purposes of this report, it is assumed there is no significant difference in market share 

by computer room cooling system type between new construction computer rooms and 

computer rooms in existing buildings. 

2.2.1.2 Design 

This submeasure largely relies on the mechanical design engineer to design the 

mechanical system to properly comply with the code requirement. This starts with 

identifying which code requirements are triggered based on the ITE design load in the 

computer room. The mechanical design engineer must select and size mechanical 

cooling technologies to provide sufficient cooling capacity through the economizer at the 

required outdoor temperatures; this includes sizing the cooling coil for temperatures that 

allow the code requirement to be met, including air containment on drawings, 

coordinating space requirements with the architect and other trades especially when 

using air economizers, and developing a mechanical controls sequence of operation 

that achieves code requirements.  

Coordination between the mechanical and electrical designers is required to lay out 

server rack orientation for the air containment system. Air containment systems are 
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often packaged products sold from vendors, so the mechanical engineer may develop a 

design specification geared toward a specific vendor product. 

All of these activities must be performed for computer rooms under Title 24, Part 6, 

2019, and have been required since 2013. This code change proposal requires 

designing for higher temperatures.  

2.2.1.3 Installation and Commissioning 

After procuring materials from equipment vendors, the mechanical contractor installs the 

mechanical and air containment systems. The cooling system is commissioned by the 

mechanical contractor and a third-party commissioning agent. These are activities that 

have been required under Title 24, Part 6 since 2013 and would remain in place under 

this proposal. Because computer rooms are typically considered critical loads, typical 

practice includes commissioning to confirm mechanical and electrical systems are 

installed properly. 

2.2.2 Technical Feasibility, Market Availability, and Current Practices 

The proposed code change assumes a cooling coil supply air temperature (supply air 

temperature) of 70ÁF. Designing for the proposed supply air temperature of 70ÁF is 

easily achievable using market-available computer room air handling equipment 

(cooling coils, fans, etc.), provided by predominant HVAC manufacturers in the 

California market, such as Liebert, Schneider Electric, DataAir, Stulz, etc., and air 

containment product suppliers. A supply air temperature of 70ÁF is achievable using 

common mechanical equipment. Selecting equipment for these design temperatures is 

half of the technical effort required to implement this submeasure. The other half 

requires air containment to avoid mixing of cool supply air with hot return air before the 

supply air enters the servers or other IT equipment, to prevent air that is too hot from 

entering the servers/IT equipment. See ASHRAEôs Thermal Guidelines for Data 

Processing Environments (ASHRAE 2015) for recommended and allowable IT 

equipment inlet temperatures. Containment technologies are available from many 

manufacturers and range from rigid aisle enclosures, to strip curtains, to server rack 

return air chimneys, to blanking panels, and more. With sufficient containment to 

provide air barriers such that there is no significant air path for warm computer 

equipment return air to recirculate back to computer inlets without passing through a 

cooling system (i.e., containment as defined in Title 24, Part 6, 2019), a 20ÁF 

temperature differential or greater between supply and return air at the cooling coils is 

achievable. 

Exceptions for computer rooms less than 20 tons ITE design load served by non-

dedicated cooling systems and computer rooms less than 5 tons ITE design load in 

buildings without economizers would remain. Computer rooms less than 10 kilowatts 

ITE design load utilizing the first exception are commonly served by the buildingôs main 
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air handling system and use VAV terminal units to provide cool air to the computer 

room. 

Water Economizers Using Evaporative Cooling Tower and Air Economizers 

Air and water economizers sized to meet the proposed economizing requirements are 

also widely available as built-up units or pre-packaged products, from many 

manufacturers. The proposed economizing temperatures allow for as low as a 70ÁF 

supply air temperature with full air economizing at outdoor dry-bulb temperatures of 

65ÁF and below, as shown in an example system schematic in Figure 2 below. The 

proposed economizing temperatures allow for a 70ÁF supply air temperature with full 

water economizing at outdoor wet-bulb temperatures of 50ÁF and below, assuming a 

10ÁF cooling tower wet-bulb approach temperature, 3ÁF heat exchanger approach 

temperature, and 7ÁF cooling coil approach temperature plus temperature increase due 

to fan waste heat, as shown in an example system schematic in Figure 2 below. All of 

these are common design approach temperatures and are offered by numerous product 

manufacturers. It is important to recognize that all redundant equipment (e.g., cooling 

towers, CRAHs) should be running in economizer mode and that the load on the cooling 

towers would be below design load (e.g., no chiller heat to reject) in full economizer 

mode. This makes it easier to achieve full economizing at 50ÁF wet-bulb.  

 

Figure 2. Example design temperatures: air economizer (left) and water 
economizer (right). 

Source: Red Car Analytics, 2020. 

Air-Cooled Chillers with Dry Cooler Economizers 

Some stakeholders expressed that they typically use air-cooled chillers with integrated 

dry cooler economizers to meet current Title 24 economizer temperature requirements. 

Most dry coolers would have difficulty meeting the new prescriptive 65ÁF outdoor dry-

bulb temperature economizer requirement. In cases where owners use air-cooled 
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chillers and dry coolers to achieve economizing as their typical practice, this proposed 

code change may require evaporative cooling towers to be added to the design to meet 

the new economizer prescriptive requirements, or the project may elect to pursue the 

performance code compliance path. The Statewide CASE Team is also proposing an 

exception to the proposed increased economizer temperatures, which would allow new 

computer rooms to adhere to 2019 Title 24 economizer temperature requirements if the 

project also implements a higher efficiency fan system, enhanced air containment, and 

more efficient cooling equipment. Refer to Appendix G for details on the energy savings 

tradeoff for this proposed exception. Because this is being proposed as an exception to 

a code requirement, a cost-effectiveness analysis was not performed. 

Refrigerant Economizers 

A review of refrigerant economizers on the market indicate that some can meet the 

proposed prescriptive economizing temperature thresholds. For example, one unit can 

provide full economizing at 65ÁF outdoor dry-bulb temperature while providing a supply 

air temperature of 75ÁF (Munters 2020). While this is higher than the proposed value of 

70ÁF supply air temperature, it is still within ASHRAEôs Recommended range (ASHRAE, 

Thermal Guidelines for Data Processing Environments, Fourth Edition 2015). Other 

productsô literature indicates meeting the proposed prescriptive economizing 

temperature thresholds may or may not be feasible, depending on a number of factors 

including return air temperature and system load factor. 

Potential Market Barriers 

While this submeasure is feasible from a technological perspective, the Statewide 

CASE Team has identified elevated temperatures in aisles as a potential barrier to 

implementation through their work in computer rooms and conversations with computer 

room operators. Elevated temperatures result in warmer hot aisles, in cases where 

server racks are arranged in a hot aisle / cold aisle configuration. While computer rooms 

are not regularly populated, IT personnel may enter the space for maintenance. This 

means workers at times may experience environments of 90ÁF or above in the 

computer room hot aisle. To address this concern, hot aisle containment may be used 

so the majority of the computer room space is the cold aisle and operates at a more 

comfortable temperature of around 70ÁF. Computer room operators also indicated 

training and education for workers on the thermal conditions of their work environment 

and what to expect as an effective strategy to mitigate this concern, similar to other 

process load facilities such as manufacturing. Containing the hot aisle also avoids 

concerns about needing to insulate walls of a hot room computer room that shares a 

wall with an adjacent space with a lower zone temperature. 

A couple of data center developers expressed concern about the proposed increase to 

temperature thresholds for economizing because their standard designs include air-
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cooled chillers with integrated dry cooler economizers, and they do not include 

evaporative cooling (e.g., water-cooled chillers and evaporative cooling towers). Their 

stated reasons for this design include water use and reliability concerns and ability to 

build out cooling equipment modularly to be able to segregate cooling equipment by 

tenant in the case of multiple tenants and to be able to build out cooling equipment 

capacity by construction phase.  

To address water use concerns, the Statewide CASE Team has included water use in 

the cost-effectiveness analysis. Energy codes are a good way to address public 

perception and concerns regarding site water use, providing equal requirements to all 

owners. While not included in the scope of the cost-effectiveness analysis of the CASE 

Report, saving site energy saves water energy at fossil fuel utility plants. To address 

water reliability concerns, recycled water can be used for cooling towers. Recycled 

water is available from many water utilities throughout the state. To address the cooling 

equipment segregation by customer concern, water energy meters could be used to 

measure each tenantôs portion of the central cooling plant load to achieve energy cost 

submetering for each tenant. This is commonly done for district heating and cooling 

systems on campuses and cities throughout California and the U.S. Because tenant 

water submetering is not a Title 24 requirement, water meters are not included in the 

cost effectiveness analysis for chilled water systems, but given their relatively low cost 

and the high cost effectiveness under this submeasure, the inclusion of water meters is 

not expected to bring the benefit-to-cost ratio below 1.0. See section 5 of this report for 

more details on the cost effectiveness analysis. A central water-cooled chiller plant 

serving multiple tenants can be held to the same reliability and maintenance standards 

as segregated smaller plants. To address the modular build out concern, water-cooled 

chiller plants can also be built out over time similar to air-cooled chiller plants. 

2.3 Energy Savings 

2.3.1 Key Assumptions for Energy Savings Analysis 

The energy and cost analysis presented in this report used the TDV factors that are 

consistent with the TDV factors presented during the Energy Commissionôs March 27, 

2020 workshop on compliance metrics (California Energy Commission 2020). The 

electricity TDV factors include the 15 percent retail adder and the natural gas TDV 

factors include the impact of methane leakage on the building site. The electricity TDV 

factors used in the energy savings analyses were obtained from Energy and 

Environmental Economics, Inc. (E3), the contractor that is developing the 2022 TDV 

factors for the Energy Commission, in a spreadsheet titled ñElectric TDVs 2022 - 15 pct 

Retail Adj Scaled by Avoided Costs.xlsxò. The natural gas TDV factors used in the 

energy savings analyses were obtained via email from E3 in a spreadsheet titled 

ñ2022_TDV_Policy_Compliant_CH4Leak_FlatRtlAdd_20191210.xlsxò. The electricity 
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demand factors used in the energy savings analysis were obtained from E3 in a 

spreadsheet titled ñ2022 TDV Demand Factors.xlsxò. The Energy Commission notified 

the Statewide CASE Team on April 21, 2020 that they were investigating further 

refinements to TDV factors using 20-year global warming potential (GWP) values 

instead of the 100-year GWP values that were used to derive the current TDV factors. It 

is anticipated that the 20-year GWP values will increase the TDV factors slightly. As a 

result, the TDV energy savings presented in this report are lower than the values that 

are expected if the final TDV use 20-year GWP values, and the proposed code changes 

will be more cost effective using the revised TDV. Energy savings presented in kWh and 

therms are not affected by TDV or demand factors.  

Because this submeasure impacts cooling system energy use, the energy savings vary 

depending on cooling system type and efficiency and climate zone. Therefore, an 

energy analysis was performed to demonstrate cost effectiveness for both computer 

room cooling system types: direct-expansion (DX) computer room air conditioners 

(CRACs) and chilled water computer room air handlers (CRAHs). Based on feedback 

following the March 12, 2020, public stakeholder meeting, the Statewide CASE Team 

also included a cost-effectiveness analysis for two additional cases: water economizing 

using water-cooled chillers and evaporative cooling towers and water economizing 

using air-cooled chillers (dry cooler baseline compared to evaporative cooling tower 

proposed case). 

2.3.1.1 Case 1: DX CRAC Cooling with Air Economizing 

¶ System Overview: 2019 Title 24, Part 6 standard design air-cooled DX CRAC 

cooling system type and efficiency are used in both the baseline and proposed 

cases. The proposed system operates at warmer air temperatures as proposed by 

the submeasure. Table 17 describes the key modeling assumptions for the energy 

savings analysis. 

¶ An ITE load of 50 kW was selected as representative of computer rooms below the 

existing 175 kW ITE load threshold for requiring air containment. 

¶ Modeling Software Approach: annual hourly spreadsheet simulation. See section 

4.2.1 Energy Savings Methodology for more information. 

¶ Description of Energy Savings: This measure saves energy in three ways: 

1. Higher supply air and return air temperatures increase the number of annual 

economizer hours, which reduces the cooling load on the compressor. 

2. A higher return air temperature impacts CRAC efficiency. 

3. Requiring containment for smaller computer rooms than 175 kW increases 

the temperature differential between supply air and return air, which 

decreases fan energy. 
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Table 17: Energy Analysis Assumptions: Increased Temperature Threshold for 
Economizers, Case 1 (DX CRAC Cooling with Air Economizing) 

Input Parameter Baseline Proposed Notes 

IT Equipment Load (kW) 50 50 N/A 

IT Equipment Load 
Schedule  

DataRecept
acle 

DataRecepta
cle 

ACM, Appendix 3-4B. Load cycles 
each month among 25%, 50%, 
75%, and 100% load factor. 

Supply Air Dry-bulb 
Temperature (ÁF)  

60 70 

 

Baseline: ACM (resulting from 
20ÁF supply and return air 
temperature differential per 
Supply Fan Design Airflow table, 
5.7.3.2). 

Proposed: Proposed code 
change. 

Return Air Dry-bulb 
Temperature (ÁF) 

75 90 Baseline: Assumed value for non-
contained computer room. This 
value may result in a slightly 
conservative (higher) supply and 
return air temperature differential 
than typical (Group 2013). 

Proposed: Proposed code 
change. 

Supply and Return Air 
Dry-bulb Temperature 
Differential (ÁF) 

15 20 = (Return air temperature ï 
supply air temperature) 

Supply Fan Efficiency 
(W/cfm) 

0.58 0.58 140.9(a)4: 27 W/kBtu/hr, and 20F 
delta-T (per Supply Fan Design 
Airflow table, 5.7.3.2). 

Supply Fan Speed 
Control 

Variable-
flow, VSD 

Variable-flow, 
VSD 

Table 10, ACM page 5-124. 

Minimum Airflow 50 percent 50 percent Table 10, ACM page 5-124, 
assumed to apply to CRACs as 
conservative estimate; ACM only 
specifies CRAH minimum airflow. 

Cooling System Type CRAC  
(air-source 
DX, two-
speed) 

CRAC  
(air-source 
DX, two-
speed) 

Matches ACM. 

Cooling System Sizing 
Safety Factor 

15% 15% Matches ACM for sizing 
equipment in standard design 
(2.5.2). 

Cooling System Capacity 
(Btu/hr) 

196,190 196,190 = IT equipment Load * (1+sizing 
safety factor) 
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Input Parameter Baseline Proposed Notes 

Cooling System Capacity 
(tons) 

16.3 16.3 Conversion to tons. 

Cooling System Full Load 
Efficiency (kW/ton) 

1.09 1.09 Title 24 2019, Part 6, Table 110.2-
A, air-cooled, Ó 135 kBtu/hr and < 
240 kBtu/hr. 

Cooling System Part-
Load Efficiency Curves 

ACM 
Appendix 
5.7 

ACM 
Appendix 5.7 

DXEIR_fPLFCrvRef, Air-Source 
DX (Other), 

DXEIR_fTempCrvRef, Air-Source 
DX (Other), 

Cap_fFlowCrvRef, Air-Source DX 
(Two speed), 

Cap_fTempCrvRef, Air-Source 
DX (Other) 

Economizer Type Air Air Matches ACM. 

Maximum Outdoor Dry-
bulb Temperature for Full 
Economizing (ÁF) 

55 65 Baseline: ACM. 

Proposed: Proposed code 
change. 

Maximum Outdoor Dry-
bulb Temperature for 
Partial Economizing (ÁF) 

75 85 Baseline: ACM. 

Proposed: Proposed code 
change. 

Minimum Ventilation Rate 
to Space (cfm/sf) 

0 0 Removed for simplicity. Does not 
affect submeasure savings. 

Energy Commission 
Climate Zones 

All All N/A 

2.3.1.2 Case 2: Chilled Water CRAH Cooling with Air Economizing 

¶ System Overview: 2019 Title 24, Part 6 standard design chilled water CRAH cooling 

system type and efficiency are used in both the baseline and proposed cases. The 

proposed system operates at warmer air temperatures as proposed by the 

submeasure. Table 18 describes the key modeling assumptions for the energy 

savings analysis. 

¶ An ITE load of 1,000 kW was selected as representative of computer rooms above 

the 3,000,000 Btu/hr cooling load threshold for requiring chilled water CRAHs under 

the Standard Design. 

¶ Modeling Software Approach: annual hourly spreadsheet simulation. See section 

4.2.1 Energy Savings Methodology for more information. 

¶ Description of Energy Savings: This measure saves energy because higher supply 

air and return air temperatures increase the number of annual economizer hours, 

which reduces the cooling load on the compressor. 
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Table 18: Energy Analysis Assumptions: Increased Temperature Threshold for 
Economizers, Case 2 (Chilled Water CRAH Cooling with Air Economizing) 

Input Parameter Baseline Proposed Notes 

IT Equipment Load (kW) 1,000 1,000 N/A 

IT Equipment Load 
Schedule  

DataRecept
acle 

DataRecept
acle 

ACM, Appendix 3-4B. Load cycles 
each month among 25%, 50%, 75%, 
and 100% load factor. 

Supply Air Dry-bulb 
Temperature (ÁF) 

60 70 

 

Baseline: ACM (resulting from 20ÁF 
supply and return air temperature 
differential per Supply Fan Design 
Airflow table, 5.7.3.2). 

 

Proposed: Proposed code change. 

Return Air Dry-bulb 
Temperature (ÁF) 

80 90 Baseline: CBECC-Com default. 

Proposed: Proposed code change. 

Supply and Return Air 
Dry-bulb Temperature 
Differential (ÁF) 

20 20 = (Return air temperature ï supply 
air temperature) 

Supply Fan Efficiency 
(W/cfm) 

0.58 0.58 140.9(a)4: 27 W/kBtu/hr, and 20F 
delta-T (per Supply Fan Design 
Airflow table, 5.7.3.2). 

Supply Fan Speed Control Variable-
flow, VSD 

Variable-
flow, VSD 

Table 10, ACM page 5-124. 

Minimum Airflow 50% 50% Table 10, ACM page 5-124. 

Cooling System Type CRAH 

(2 water-
cooled 
screw 
chillers, 
equally 
sized) 

CRAH 

(2 water-
cooled 
screw 
chillers, 
equally 
sized) 

Per ACM page 5-190. 

Cooling System Sizing 
Safety Factor 

15% 15% Matches ACM for sizing equipment 
in standard design (2.5.2). 

Cooling System Capacity 
(Btu/hr) 

3,923,800 3,923,800 = IT equipment Load * (1+sizing 
safety factor) 

Cooling System Capacity 
(tons) 

327 327 Conversion to tons. 

Chiller Full Load Efficiency 
(kW/ton) 

0.625 0.625 Title 24 2019, Part 6, Table 110.2.D, 
path A, positive displacement chiller. 

CHW pump, CW pump, and cooling 
tower energy is not modeled for 
simplicity; including these 
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Input Parameter Baseline Proposed Notes 

components would show additional 
energy savings and improve 
measure cost-effectiveness. 

Chiller Part-Load 
Efficiency Curves 

ACM 
Appendix 
5.7 

 

ACM 
Appendix 
5.7 

 

Water-Cooled Pos Displacement, 
Path A, All Capacities: 

Cap_fTempCrvRef, 

EIR_fTempCrvRef, 

EIR_fPLRCrvRef 

 

Economizer Type Air Air Matches ACM. 

Maximum Outdoor Dry-
bulb Temperature for Full 
Economizing (ÁF) 

55 65 Baseline: CBECC-Com default. 

Proposed: Proposed code change. 

Maximum Outdoor Dry-
bulb Temperature for 
Partial Economizing (ÁF) 

75 85 Baseline: CBECC-Com default. 

Proposed: Proposed code change. 

Minimum Ventilation Rate 
to Space (cfm/sf) 

0 0 Removed for simplicity. Does not 
affect submeasure savings. 

Energy Commission 
Climate Zones 

All All N/A 

2.3.1.3 Case 2b: Chilled Water CRAH Cooling with Water-Cooled Chiller and 
Evaporative Cooling Tower Economizer 

¶ System Overview: 2019 Title 24, Part 6 standard design chilled water CRAH cooling 

system type and efficiency are used in both the baseline and proposed cases. The 

proposed system operates at warmer air temperatures as proposed by the 

submeasure. Table 19 describes the key modeling assumptions for the energy 

savings analysis. 

¶ An ITE load of 1,000 kW was selected as representative of computer rooms above 

the 3,000,000 Btu/hr cooling load threshold for requiring chilled water CRAHs under 

the Standard Design. 

¶ Modeling Software Approach: annual hourly spreadsheet simulation. See section 

4.2.1 Energy Savings Methodology for more information. 

¶ Description of Energy Savings: This measure saves energy because higher supply 

air and return air temperatures increase the number of annual economizer hours, 

which reduces the cooling load on the compressor. 
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Table 19: Energy Analysis Assumptions: Increased Temperature Threshold for 
Economizers, Case 2b (Chilled Water CRAH Cooling with Water Economizing and 
Evaporative Cooling Tower) 

Input Parameter Baseline Proposed Notes 

IT Equipment Load (kW) 1,000 1,000 N/A 

IT Equipment Load 
Schedule  

DataRecep
tacle 

DataRecep
tacle 

ACM, Appendix 3-4B. Load cycles 
each month among 25%, 50%, 
75%, and 100% load factor. 

Supply Air Dry-bulb 
Temperature (ÁF) 

60 70 

 

Baseline: ACM (resulting from 20ÁF 
supply and return air temperature 
differential per Supply Fan Design 
Airflow table, 5.7.3.2). 

Proposed: Proposed code change. 

Return Air Dry-bulb 
Temperature (ÁF) 

80 90 Baseline: CBECC-Com default. 

Proposed: Proposed code change. 

Supply and Return Air 
Dry-bulb Temperature 
Differential (ÁF) 

20 20 = (Return air temperature ï supply 
air temperature) 

Supply Fan Efficiency 
(W/cfm) 

0.58 0.58 140.9(a)4: 27 W/kBtu/hr, and 20F 
delta-T (per Supply Fan Design 
Airflow table, 5.7.3.2). 

Supply Fan Speed 
Control 

Variable-
flow, VSD 

Variable-
flow, VSD 

Table 10, ACM page 5-124. 

Minimum Airflow 50% 50% Table 10, ACM page 5-124. 

Cooling System Type CRAH 

(2 water-
cooled 
screw 
chillers, 
equally 
sized) 

CRAH 

(2 water-
cooled 
screw 
chillers, 
equally 
sized) 

Per ACM page 5-190. 

Cooling System Sizing 
Safety Factor 

15% 15% Matches ACM for sizing equipment 
in standard design (2.5.2). 

Cooling System Capacity 
(Btu/hr) 

3,923,800 3,923,800 = IT equipment Load * (1+sizing 
safety factor) 

Cooling System Capacity 
(tons) 

327 327 Conversion to tons. 

Chiller Full Load 
Efficiency (kW/ton) 

0.625 0.625 Title 24 2019, Part 6, Table 
110.2.D, path B, positive 
displacement chiller. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-HVAC1-F | 45 

Input Parameter Baseline Proposed Notes 

Chiller Part-Load 
Efficiency Curves 

ACM 
Appendix 
5.7 

ACM 
Appendix 
5.7 

Water-Cooled Pos Displacement, 
Path A, All Capacities: 

Cap_fTempCrvRef, 

EIR_fTempCrvRef, 

EIR_fPLRCrvRef 

 

Cooling Tower Efficiency 
Design (gpm/hp) 

42.1 42.1 Title 24 2019, Part 6, Table 110.2-
G, axial open circuit tower 

Economizer Type Water with 
Evaporativ
e Cooling 
Tower 

Water with 
Evaporativ
e Cooling 
Tower 

Simulation case 

Maximum Outdoor Wet-
bulb Temperature for Full 
Economizing (ÁF) 

35 50 Baseline: 140.9(a)1B. 

Proposed: Proposed code change. 

Maximum Outdoor Wet-
bulb Temperature for 
Partial Economizing (ÁF) 

45 60 10F CHW Delta-T 

Minimum Ventilation Rate 
to Space (cfm/sf) 

0 0 Removed for simplicity. Does not 
affect submeasure savings. 

Energy Commission 
Climate Zones 

All All N/A 

2.3.1.4 Case 2c: Chilled Water CRAH Cooling with Air-Cooled Chiller: Dry Cooler 
vs. Evaporative Cooling Tower Economizer 

¶ System Overview: 2019 Title 24, Part 6 standard design chilled water CRAH cooling 

system type and efficiency are used in both the baseline and proposed cases. The 

proposed system operates at warmer air temperatures as proposed by the 

submeasure. Table 20 describes the key modeling assumptions for the energy 

savings analysis. 

¶ An ITE load of 10,000 kW was selected as representative of computer typically 

implementing air-cooled chillers with integrated economizers based on stakeholder 

feedback. 

¶ Modeling Software Approach: annual hourly spreadsheet simulation. See section 

4.2.1 Energy Savings Methodology for more information. 

¶ Description of Energy Savings: This measure saves energy because higher supply 

air and return air temperatures increase the number of annual economizer hours, 

which reduces the cooling load on the compressor. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-NR-HVAC1-F | 46 

Table 20: Energy Analysis Assumptions: Increased Temperature Threshold for 
Economizers, Case 2c (Chilled Water CRAH Cooling with Water Economizing: Dry 
Cooler vs. Evaporative Cooling Tower) 

Input Parameter Baseline Proposed Notes 

IT Equipment Load 
(kW) 

10,000 10,000 Typical value for this system type 
based on stakeholder feedback. 

IT Equipment Load 
Schedule  

DataRecep
tacle 

DataRecep
tacle 

ACM, Appendix 3-4B. Load cycles 
each month among 25%, 50%, 75%, 
and 100% load factor. 

Supply Air Dry-
bulb Temperature 
(ÁF) 

60 70 

 

Baseline: ACM (resulting from 20ÁF 
supply and return air temperature 
differential per Supply Fan Design 
Airflow table, 5.7.3.2). 

Proposed: Proposed code change. 

Return Air Dry-
bulb Temperature 
(ÁF) 

80 90 Baseline: CBECC-Com default. 

Proposed: Proposed code change. 

Supply and Return 
Air Dry-bulb 
Temperature 
Differential (ÁF) 

20 20 = (Return air temperature ï supply air 
temperature) 

Supply Fan 
Efficiency (W/cfm) 

0.58 0.58 140.9(a)4: 27 W/kBtu/hr, and 20F 
delta-T (per Supply Fan Design 
Airflow table, 5.7.3.2). 

Supply Fan Speed 
Control 

Variable-
flow, VSD 

Variable-
flow, VSD 

Table 10, ACM page 5-124. 

Minimum Airflow 50% 50% Table 10, ACM page 5-124. 

Cooling System 
Type 

CRAH 

(air-cooled 
screw 
chillers 
with 
integrated 
dry 
coolers, 
equally 
sized) 

CRAH 

(air-cooled 
screw 
chillers, 
equally 
sized and 
evaporativ
e cooling 
tower and 
heat 
exchanger) 

N/A 

Cooling System 
Sizing Safety 
Factor 

15% 15% Matches ACM for sizing equipment in 
standard design (2.5.2). 

Cooling System 
Capacity (Btu/hr) 

39,238,000 39,238,000 = IT equipment Load * (1+sizing 
safety factor) 
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Input Parameter Baseline Proposed Notes 

Cooling System 
Capacity (tons) 

3,270 3,270 Conversion to tons. 

Chiller Full Load 
Efficiency (kW/ton) 

1.25 1.085 Manufacturer data, air-cooled chiller 
with (Baseline) and without 
(Proposed) integrated economizer 

Chiller Part-Load 
Efficiency Curves 

Manufactur
er data 

DOE2.2 N/A 

Cooling Tower 
Efficiency Design 
(gpm/hp) 

N/A 42.1 (CZ1, 
CZ16) 

60 (CZ2 ï 
CZ15) 

2019 Title 24, Part 6, Table 110.2-G, 
axial open circuit tower 

Cooling Tower 
Pump Efficiency 

N/A 19 W/gpm ASHRAE 90.1-2019, variable speed 

Economizer Type Water with 
Dry Cooler 

Water with 
Evaporativ
e Cooling 
Tower 

Simulation case 

Maximum Outdoor 
Temperature for 
Full Economizing 
(ÁF) 

40 Dry-
Bulb 

50 Wet-
bulb 

Baseline: 140.9(a)1B. 

Proposed: Proposed code change. 

Maximum Outdoor 
Temperature for 
Partial 
Economizing (ÁF) 

45 Dry-
Bulb 

60 Wet-
bulb 

10F CHW Delta-T 

Minimum 
Ventilation Rate to 
Space (cfm/sf) 

0 0 Removed for simplicity. Does not 
affect submeasure savings. 

Energy 
Commission 
Climate Zones 

All All N/A 

2.3.2 Energy Savings Methodology 

2.3.2.1 Energy Savings Methodology per Prototypical Building/Simulation Case  

Although the Energy Commission indicated a preference for simulating energy impacts 

using CBECC-Com, a spreadsheet was used to calculate energy impacts of the 

increased temperature threshold for economizers submeasure instead of simulating in 

CBECC-Com because alterations to the Standard Design air temperatures were 

needed to correctly model the measures impact. CBECC-Com does not currently 

support the requirements for modeling the increased air temperatures; instead CBECC-

Com models a Standard Design supply air temperature of 60ÁF and return air 
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temperature of 80ÁF for all computer rooms regardless of whether they have air 

containment or not. This results in an underestimate of Standard Design fan energy and 

unrealistically high return air temperatures for non-contained computer rooms. 

Therefore, an annual hourly spreadsheet analysis was used to calculate the fan and 

cooling energy savings of this submeasure. The spreadsheet analysis followed the 2019 

Nonresidential ACM Reference Manual for key inputs affecting energy use, as 

described in Table 21. 

The Standard Design represents the geometry of the design that the builder would like 

to build and inserts a defined set of features that result in an energy budget that is 

minimally compliant with 2019 Title 24, Part 6 code requirements. Features used in the 

Standard Design are described in the 2019 Nonresidential ACM Reference Manual. 

Minimal 2019 Title 24, Part 6 compliance includes a computer room with mechanical 

systems and efficiencies meeting 140.9(a) prescriptive requirements, which include: full 

air economizing at outdoor temperatures of 55ÁF dry-bulb and below, variable speed fan 

control with a fan system design power demand of 27 W/kBtu-h of net sensible cooling 

capacity (this equates to 0.58 W/cfm with a 20ÁF supply and return air temperature 

difference, which is more efficient than the ACM listed value of 0.81 W/cfm for 

CRACs/CRAHs), supply air temperature of 60ÁF, and return air temperature of 80ÁF. 

The Standard Design models were modified to increase the temperature thresholds for 

economizers. Standard Design return air temperature was decreased from 80ÁF to 75ÁF 

for computer rooms less than 175 kW, which do not have containment, to more 

accurately model non-contained computer room air conditions. 

The Proposed Design represents the same geometry as the Standard Design, but it 

assumes the energy features that the software user describes with user inputs. The 

Proposed Design was identical to the Standard Design in all ways except for the 

revisions that represent the proposed changes to the code. Table 21 presents a 

summary of key parameters that were modified and what values were used in the 

Standard Design and Proposed Design.  

To develop savings estimates for the proposed code changes, the Statewide CASE 

Team created a Standard Design and Proposed Design for each design case. 

Comparing the energy impacts of the Standard Design to the Proposed Design reveals 

the impacts of the proposed code change relative to a building that is minimally 

compliant with the 2019 Title 24, Part 6 requirements. 
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Table 21: Modifications Made to Standard Design in Each Simulation Case to 
Simulate Proposed Code Change: Increased Temperature Threshold for 
Economizers Submeasure 

Simulation Case/ 
Prototype ID 

Climate 
Zone 

Parameter Name Standard 
Design 

Parameter 
Value 

Proposed 
Design 

Parameter 
Value 

Case 1: DX CRAC All Supply Air Temperature 60ÁF 70ÁF 

Case 1: DX CRAC All Return Air Temperature 75ÁF 90ÁF 

Case 2: CHW CRAH All Supply Air Temperature 60ÁF 70ÁF 

Case 2: CHW CRAH All Return Air Temperature 80ÁF 90ÁF 

The Statewide CASE Team calculated energy consumption for every hour of the year 

measured in kilowatt-hours per year (kWh/yr) and therms per year (therms/yr), then 

applied the 2022 time dependent valuation (TDV) factors to calculate annual energy use 

in kilo British thermal units per year (TDV kBtu/yr) and annual peak electricity demand 

reductions measured in kilowatts (kW). TDV energy cost savings were also calculated in 

2023 present value dollars (2023 PV$) and nominal dollars.  

The energy impacts of the proposed code change vary by climate zone. The Statewide 

CASE Team calculated the energy impacts in every climate zone and applied the 

climate-zone specific TDV factors when calculating energy and energy cost impacts.  

Per-unit energy impacts for nonresidential buildings are presented in savings per 

kilowatt of IT equipment load. Annual energy and peak demand impacts were translated 

into impacts per kW IT equipment load by dividing by the kW of IT equipment load for 

each simulated case. This step allows for an easier comparison of savings across 

different building types and enables a calculation of statewide savings using the 

construction forecast that is published in terms of floor area by building type 

2.3.2.2 Statewide Energy Savings Methodology 

As described above, the per unit energy impacts are presented in savings per design 

ITE load. Savings do not vary significantly by building type, but rather by ITE load. 

Although the per unit savings were calculated using prototypical buildings, the per unit 

savings apply to any building type.  

The per-unit energy impacts were extrapolated to statewide impacts using the 

Statewide Construction Forecasts that the Energy Commission provided (California 

Energy Commission Building Standards Office n.d.). The Statewide Construction 

Forecasts estimate new construction that will occur in 2023, the first year that the 2022 

Title 24, Part 6 requirements are in effect. It also estimates the size of the total existing 

building stock in 2023 that the Statewide CASE Team used to approximate savings 
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from building alterations. The construction forecast is provided in square footage of new 

and existing floorspace.  

Because ITE load, not total building floor area, is the driver for computer room energy 

use, the Statewide CASE Team correlated ITE load to building floor area by assuming a 

watts per square foot of ITE design load density. The ITE design load density varies by 

measure type and is described in Appendix A. 

Appendix A presents additional information about the methodology and assumptions 

used to calculate statewide energy impacts. 

2.3.3 Per Unit Energy Impacts Results 

The per-unit energy savings do not account for naturally occurring market adoption or 

compliance rates. Table 22 through Table 25 show the first year per-unit energy savings 

and demand reduction ranges, which vary by climate zone and system type. There is a 

positive net energy savings in all climate zones. 

Because there are multiply types of computer room cooling systems and economizer 

types, the energy savings varies by mechanical system type and climate zone. For 

example, climate zones with the most hours where outdoor dry-bulb temperatures are 

between 55ÁF and 65ÁF, show the greatest air economizing energy savings. Climate 

zones with the most hours where outdoor wet-bulb temperatures are between 35ÁF and 

50ÁF, show the greatest water economizing energy savings. Figure 3 and Figure 4 show 

a comparison of the number of annual economizing hours with 2019 Title 24 and 

proposed 2022 Title 24 computer room economizing temperature thresholds. Proposed 

changes in dry-bulb economizing hours and wet-bulb economizing hours both provide a 

significant increase in economizer hours for all climate zones. 

This submeasure would not have a significant impact on demand response/flexibility, 

peak power demand, or load shifting.  
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Figure 3. Comparison of 2019 Title 24 and proposed 2022 Title 24 dry-bulb 
economizing hours. 

 

Figure 4. Comparison of 2019 Title 24 and proposed 2022 Title 24 wet-bulb 
economizing hours. 














































































































































































































































































































































































